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© Apparatus and method for collectively performing tile-based image rotation, scaling and digital 
halftone screening. 

^ * « -_-h tannin,.*, and associated apparatus for manipulating a continuous tone (contone) image 

l£i to coisponSg SETS rtfeot rotation and anamorphic scaling of the contone .mage two- 
output data for corresponoing wes. k. directions, are defined to relate movement between 

SoMSne valid output da* for a contone Ule that Is.to be written into a correspond^ block. 
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TECHNICAL FIELD OF THE INVENTION 

The invention relates to electronic image processing, such as that which would occur in implementing a 
VW^!^ language having a capability of manipulating a continuous tone image through image 
s rotation, scaling and digital halftone screening. 

BACKGROUND ART 

White images have always been incorporated into documents as an efficient way to convey information 
to reade^ the exploding use of personal computers coupled with computerization of an .ncreasingly 
i2STd fmageited applications has substantially increased the need to mandate .mages in 
digital form. These manipulations frequently include, inter alia, scaling, rotating and halftoning. 

Begimlng several years ago and conlinulng with increasing use to the present, documentary .mages 
are 3 passed throughTcomputer using a soiled page description language. Such a Wage 
allows a user to define objects, such as an image, that are to appear on a printed page and allows the 
objects to be processed in a desired fashion and then accurately positioned wrth respect to each other in 
oSeMo propel form an entire page. To provide maximum flexibility to a user ,n processing a 6qM 
image, a page description language would need to support, with floating point precision, both .arbitrary 
Srrn and anamorphic image scaling within finite bounds, image rotation by an arbitrary angle and 
SZL with arbitrary screen angles and screen rulings. In order to assure that a documentary.mage 
nroSrCerup" with other objects on a page, these image processing functions must be very 
accurately implemented, otherwise artifacts or other errors will appear on the page, when printed. 

While several different page description languages are currently in use, senous limitations exist .n the 
two basic approaches through which these languages have been traditionally implemented to perform, inter 

26 a,,a, SSy "onTtSlf approach widely used in the art reiies on storing an entire image within a 
ramlorS^rame'Temorand then operating on the individual bits of the Image situated thereiru This 
a^oach, hereinafter referred to as the "full frame memory- approach, may involve sequential y ^dmgthe 
Irnage. bit-by-blt, using suitable incrementing memory addresses to generate appropnately rotated i .mage 
datato yield a rotated image. As known in the art. scaling may Involve, for example, addmg or deleting data 
te^r Jm seleS pixel locations in the memory in order to change the scale of the Image, as desire* 
TOs overall^proach requires a sufficiently large frame memory that also provides reiatveiy fast read-wr** 
random access Unfortunately, for an 8-by-10 inch (approximately 20.by.25 cm) continuous tone .mage 
printed at a resolution of 300 dots/inch (approximately 118 dote/cm) wh.ch .s read.ly obtamabte wrth 
SSiy avai^ie output writers, e.g. laser printers, the frame memory would require approximately 7 
MBytes A memory oHhis size, particularly when fabricated from currently available h.gh ^random 
access memory (RAM) circuits, lends to be very expensive. The Inordinate cost of such a frame memory 
g^eXprecfudes its use in a low cost printer. Furthermore, even with such a large, fast memory, .mage 
S and rotation are often performed through a software based process execufng .n a microprocessor 
m and, as such, for an entire image, tends to be relatively slow. 

in view of the practical memory limitation, the art has. for some time, also taught that scaling and 
rotation could alternately be preformed on a "tile-based" approach. Here, an image is first f Phoned -"J 
s ™ uniform regions called "tiles-, each of which is then separately and appropriate ly pressed. 
Typically, a tile is significantly smaller than the entire image. Once a tile is processed to yield an outpul : *te, 
* that output tile Is then written Into a spatially corresponding region in an output buffer, and so on for all such 
tiles until an entire image has been formed of output tiles. 

Given tow two approaches, tiling offers several distinct advantages. First, by drastically reducng the 
size of a tile down from that of the entire Image, memory requirements for a high *^^°™™* s ™ 
substantially reduced from, for example. 7 MBytes for storing an entire Image to perhaps W IWMto 
W storing a single tile currently being processed. This, in turn, obviates the need for a large full stoW 
soeed frame memory thereby simplifying and significantly reducing the cost of the system memory. While 
r^ge^zeTiuT buffer would still be required, this buffer would not need to function as a high speed 
random accessory and thus can be fabricated from reiatively slow and inexpens.ve memory courts 
Furthermore, by processing a single tile at a time, data transfers Involving the frame memory a* reduced 
to ZTta requJed just lor a particular tile rather than that of the entire Image as in he "full fr^ne 
memory" approach. Consequently, the operations required to perform these memory transfers are greatly 
Zrttad anS. as such, merely become an incidental portion of the overall tile-based processmg. Moreover^ 
pTp ocesslng. only a relatively small amount of data at any one time, specialized hardware circuits can be 
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Tr, L f n ^? l taP f ? r0Ce8S an 9nUre Ule and • hereb y a«»'erate the rate at which the entire image 
can be ro ated and/or scaled over that associated with the "full frame memory" approach. Lastly, tile-based 
implementations tend to readily lend themselves to pipelined and parallel processing through which 
appropriate Ule processing hardware is duplicated and operated on a parallel and time-staggered basis to 
* permit several tries to be collectively processed at once. This, in turn, further accelerates the overa! 
process of image scaling and/or rotation. Advantageously, such implementations can easily be upwardly 
scaled m size, consistent with cost-performance tradeoffs, to achieve a desired throughput level 

Unfortunately, for all the advantages exhibited by tile-based scaling and rotation, a tile-based approach, 
Part-cularly when used for halftoning, necessitates that each output tile must be very accurately Xed in 
,nr T S,Se ViS f 18 fl3WS Wi " ° CCUr in * e ima 9 e " Specifically, we have empirically obL^dltat 

L ^ a9e ri ^ a . 50% ** faCtor> 8 ° ne *»* M in the ha,ftoni "9 P attem adjacent 

° m " in the lma0e - 7,1886 artifacts take *° fMm <* "*«B" lines that 
L 9 b0undaries 8,1 ^"flhout the image. As a result, if an image is to be subsequently 

« 8 ° peratin3 0n th0se ti,es fe ret ' uirod 10 obtain each *' e «ne output buffer 

ZE-JEJ t,,e h and h . P l aCe ** We "«* lnto me bu * 9 ' ^ * ^racy. AchLng and 

rnantajnlng such a high accuracy throughout the entire halftoning process for an image has proven to be 
extremely difficult to attain In practice. f""von to ue 

At first blush, one might think that this accuracy could be relaxed and the "zig-zag" pattern eliminated 

toJZV V ^T,"!^ 8,0 b0Undar,0S 01 the halfton9d B,es - 8p««c-lly. such sZthing, implex ted 
through low pass spatial filtering, would reduce the visual impact of rounding errors and resulting tile mfe- 
ahgnment that would otherwise result when floating point address values are truncated into real integer 

™ 1! t "? 1 ' m US9d 10 MdreSS an output butfer i,rt0 which ,he ha)»onod tiles anTre- 
assembled Through suitable experimental observations, we have noticed that, while such filtering does 
ES^S < L > mis-a .gnment. unfortunately this filtering breaks up and thereby corrupts the underlying 

* In! ? *Z ' ma9e - Ttlere, ° r9> W6 belieVe that file bound «y ,iteri "9 "<* appear to offeT 

a viable solution and one-bit accuracies do need to be maintained In tile-based image processing 

Furthermore, apart from tiling, commercially available screeners are expensive, require Inordinate 
amounts of memory and often do not possess the capability of performing image scaling and/or rotation 

™ «™f ^ m ? e ^f" 3 and rotatbn are fre( l U9rrt| y °« 'n currently available image processing 

oo apparatus as -front-end" operations, i.e. in circuitry situated near an image scanner in a chain of imaSe 
processing circuits; white screening Is carried out as a "backed" operation, i.e. in circuitry associated wfth 
f^.?,* 1^ " ^e'°P*ation generally has little, and oftentimes no knowledge, of the olher with, as a 
result artifacts and other adverse consequences frequently manifesting themselves in the image Since 
page description languages perform post-processing, i.e. these languages process an image as they -find 
ll^L " 9 " a9eS £ r ° Vide "° °PP° rtunit y to °P timiz e ^ image for operations that have previously been 

~ ? ""J aS J°T" $Ca "' n8 or rotation - fe sucn - »P**° implementation of these 
toguages as currently used, does not eliminate adverse affects, such as Moire patterns and aliasing, that 
might result from interaction between various characteristics of these -front-end" operations, such as for 

hT P 9 fr6C|uencies and P* xel Placement, with similar corresponding characteristics associated 
with the halftoning process and the output writer. 

Moreover, commercially available screeners also tend to be inordinately slow. Accordingly, If such a 
nro!^r re K t0 ^ in u im P |ementin 9 « Pas* description language, then the resulting throughput 
S T Y T W to substentia,| y ,ess fran the speed, in pages/minute (ppm). of currently available 
output writers, such as upwards of 70 ppm. and would thus pose a serious bottleneck. Inordinately slow 

^^1*1! ^!T te US6rS ' Wh0, tum ' wouW rather shv awa y from and not incorporate images 
into documents than wait the needed time for each of these images to be processed and printed 

r^K? i^'V *«" basj i drawbacks ™*«» above, the advantages Inherent in a tiled-based approach, 
particularly those flow.ng from the reduction in size and cost of the frame buffer, strongly support itTuse 

Therefore, a need exists in the art for a tile-based technique that can very accurately and inexpensively 
STTJL^ 39 ? T 10 " 1 S f n9 and halftonin9 ln a P°*Procewlng environment. Furthermore,! specific 
^Ir^fl, J. mP IT 9 !! U }°- b »*** """"B- rotaB "9 and halftoning in a manner that can significantly 
acceerate the throughput of a page description language to approach that of currently available output 
writer^ Advantageously the incorporation of such a technique in an output writer will significantly hasten 
trie use of documentary images. 

DISCLOSURE OF THE INVENTION 

Accordingly, an object of the present invention is to provide apparatus and accompanying methods that 
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can very accurately, though inexpensively. Implement Image scaling, rotation and halftoning of a continuous 

SS S KSTSJS s^is and methods in order to advantageously reduce 

. ^ T^^T^t^:^* that ^maintain tile placement errors ,n an output butter 

10 ^^S^TK^ h d 9 s°ar;iods that can provide .mage scaling, 
rotaC aSd Sntog T speeds^ will sufficientfy accelerate the processing « » 

deStioVlanguage to approximately match the throughput provided by many currently available output 

10 ^Broadlv speaking these and other objects are accomplished in accordance with the teachings erf our 
hJ^TTLSo increments which specify increment^ cement between 

suSSve sampling locations in a contone tile in the contone image for corresponding movement between 
STS^nM Jocations in a block ot the output image. Then, in response to «" J 

ft^lncrements- (a) addresses are generated that represent Incremental movement through the block to 
^SS!S^^S!^ I™*** < b > the contone image is sampled to yield a samp ed contone 
asictod with eacVaddressed output pixel location so as to produce a plurality of sampled contone 
JaEes ^dX corresponding halftone output value is produced, in response to each of sa,d sampled 
™£L values id pre-defined pattern, for each addressed output pixel location In the sequence to yield 
Sit £m Each of the haiftone output values is then written in the «W*B 
JOSUl output" pixel Ecation in the block in the event each halftone output value ,s assoc.ated w,th a 

pixel location situated within the contone tile. rftarttvalv 

Specifically, in accordance wtth our detailed teachings, our Inventive method 
partitioning a contone image into an array of non-overlapping tiles and an output Image into an. way ^ 
Ltocte the latter usually overlapping depending upon an angle, *. (rotation angle) through wh,ch the 
S,eTmagt ?s to be Rotated. tSo block size is fixed at illustratively 32-by-32 location* for enlargemerrt 
Sr^^e, to a certain extent, for reduction scaling. The tiles are sized based upon anamorph.c 
r a ,e^ s :^d%. and the rotation angle such that atile, when rotated w£ ^^^SSi 
block will be the maximum size that will fit within that block. Based upon, inter alia, the tile and bloc : s i zes 
aTwII «. The rotation angle, anamorphic scale factors and screen angle, 0. incremental pixel sampling 
Sonites are SnJ such that for movement, on a pixel-by-pixel basis, through successive prxels in 
TZ£* " haSoned output date can be obtained for each such pixel In that block from contone data 
L2d Sn a $££ sized box In the contone image that completely ^£™£Z"£ 
contone tile Incremental sampling coordinates are also defined for corresponding incremental pixel 
movement th S haitone screening pattern, based upon, inter alia, screen ruling and a screer, ang£ 
Tto S a sLassive sampled halftoned value for each pixel in a blockjncrements are also defined for 
tnVmZ between successive tiles in the contone image as well as between successive tiles in the 
nSnTsc^pln^b^ween successive bk>cks in the output image. Once ail thes. nncremente ^are 
"III contone image is successively processed to nil each ^^^^T, 
block with halftoned output data. This processing entails incrementing through a current output lock on a 
Dixtl-bvSxel basis to produce a sequence of output pixel locations, incrementally sampling through the 
cTn^e imaqe to y eld ^sampled contone value associated with each output pixel location in onier to 
P?oTce a pTa^ rt sampled contone values, and incrementally sampling through the halftone pattern to 
KTh raoW to each of the sampled contone values, a corresponding halftone output value for each 
SSt p. SKon^i^e Zence to yield a plurality of haiftone output value, TW. >™£™ 
incremental contone and halftone sampling processes occur substantially in lockstep such thai rfter an 

is generated for each successive pixel in the current block, a corresponding W« «^ 
and a corresponding halftone output value are generated therefor. This processing continues along each 
™ of ^ZnTwSr™ a fast scan direction and from row to row in that block along a slow »n direction 
S.°he cuS block is completely filled with output halftone values. Halftoned data is only 
hufer for iiose locations in the current block that have corresponding sampled contone values lying within 
a ISren He ng pmcessed: a zero value is written Into all the other locations the^in. After the current 
conZe tllfhi SeS completely processed, the contents of the ^ ^TZ ^Z^ oXe 
in a oaoe buffer This output block is situated at a location corresponding to the spatial location ol ne 
current S>ck In meTutput image. After the current contone tile has been processed the next successive 
intone tite aTdeflnedTy the tile Increments, Is processed to yield output haiftoned data for ^ next block 
^teoutput image, and so on for each successive contone tile. To ensure that all the contone tiles are 
pro^rly TgnedX starting location of each successive contone tiie is modified by values of positional 
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" i8t b8tW9en OH™ 0 ™ ° f 96099 " 3 W0Ck and comerc of a corresponding rotated contone tile. 

i? a Z tin H 6 "TT 1 ^ u u ential,y a,on9 a row ' Le - in a fast scan di ^on, and from row to row. L. 
in a slow scan direction, through the entire contone image. 

S™^' 1 J mu *.!» e former a PP roach - 8 ha »t<™ reference stack contains multiple halftone 

Ww Z f h ^ tan,n9 ° diffe(Bnt dBpiCti0n ° f 3 ha,Wone dot ' W 03 "* ™«*fl from a 0% dot to a 
100% dot. Each sampled contone value selects a particular halftone reference plane that is to be sampled 

1ST* t T U KU T^ t0 yi9,d 3 «»""»»"*» halftone' value. Through the ,S 

, TJ^'J . . M aft1X , ,S successive| y sam P |ed - a ^o by appropriate pixel addresses, to yield a 

tonlu^TLlZ^TLY iS C ° mPared aga ' nSt a «*«W"no current sampled contone value 

h blt h3Vin9 a Value d9termlned ^ the results of the comparison. Halftone 

SEE?* J 9 "" * ^ Plane ° r ^ thre8h ° ld ma,rix ' «»" '"tependently of and general^ a 

2SZL2 ra ?.° n J2!I! T" 1 "? thr ° U9h * S COnt ° ne ima9e ' th0U9h bo,h "nPfcO P™~ ^e 
substantially in lockstep with each other. «i««»io 

Our invention is preferably implemented using an two chip architecture; specifically, a microcomputer in 
SSr™ aded,Cated hardware circuit " * e ,a »<* being hereinafter referred toas the tile and picS 
processor (TPP) The microcomputer establishes various parameter values that remain fixed throughout 
fJX?" 9 T , e " t,re M f ontone ima 0 e - such as til* ^d block sizes and, pixel sampling and tile increments 

™1 ,^ ^ ateS T* $t f n9 . l0Catl0n 01 each successive «' a «* output block. The micrZS 

L?h *^P««>samP''n9 increments into the TPP. Thereafter, the starting location is detorminrttor 

TT? 22 I T *f Jf *• TPP ,O " 0Wed bV m " ,StruCti0,, to lhe TPP to P' 0 "* 8 "TtS 
TTP, through an internal tile processor, generates contone and halftone pixel sampling addresses for each 

successive output pixel in the output image. These addresses are used, in seriatim, through acceS 

?? K a ' Ue - thB TPP pr ° Cess each contone fite ' ,he microcomputer 

»L™lfT ^° dUC f T bV 816 TPP int ° 3 «"«P««*«I block in a page buffer, then updates the 

KS£t£ ?£J!£L ^ reffeCt ^ toCatt ° n f ° r th9 n95rt soccessive m thereafter 
V ^ COmmence such Processing, and so on to process all the contone tiles. In essence, this 
combination o a microcomputer and the TPP collectively implement nested processing loops, with the TPP 
implementing two nested loops in hardware. 

in a^iTrS!^^ 8 ?^ P0SSaSSeS 1,16 featUre *" Para " e ' P" 5 "* 8 ^ can be readily incorporated 
'mptementation of our rnventivo architecture to upwardly scale the processing throughput to a 

desired level. To do so, the Inventive two^hip architecture can be easily expanded to implement parcel 

processmg by usrng multiple TPPs all connected to and controlled by a caJ^t^cmcm^E^TSp 
COn i? Ured ' by ™rocomputer, to independently process a specific corresponding non- 

overlappmg portion, e.g. a honzontal strip, of an Incoming continuous tone (contone) image. The microcom- 

parallel fashion w.th respect to each other. While each TPP is undertaking its processing, the microcom 
puter would determine the portion of the output buffer into which data then being generatd bylaTrPP 

bELSE"? T" L" mMB F ' F0, W ° Uld ta ""-I'""* transferred 9 ^ con££rJZ 
process ng. As the number of active TPPs is increased to provide greater degrees of parallelism 
processing throughput will substantially increase as well. parallelism, 

BRIEF DESCRIPTION OF THE DRAWINGS 

I 0 *'" 95 °!I he P !!!! ent iwenti0n may te readily unde rstood by considering the following detailed 
descnption in conjunction with the accompanying drawings, in which- u»wi«w 

Z; ri L™ P . ,CtS 8 Si 7 ,ffled V6ry Wflh leVe ' bl0Ck diaarann of s y stef " 6 tor implementing a page 
invention 93 ima9e SCa ' in9 ' r0teBOn ^ halfl ° nin9 in accordance wtth 

FIQ. 2 depicts the correct alignment of the drawing sheets for FIQs. 2A - 2D; 

FIQs. 2A - 2D graphically depict various tile-based operations that collectively form the inventive process 
for implementing image scaling, rotation and halftoning in system 5 shown in FIG 1- 

TntZ*™^ deP ! CtS ° 0nt0ne San " P,in9 ™ d output da,a wrl,in 9 for vari0 «s illustrative spatially 
corresponding contone boxes and output blocks; 

FIG. 4 depicts a single contone box in detail; 

FIG. 5 depicts an output block in detail and corresponding to the contone box shown in FIG 4- 

FIG. 6 graphically depicts the linear spatial correspondence among a output sampling location situated 
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wilhin an output block, a halftone sampling location located within a corresponding halftone reference cell 
2S ««»»*» 'y'"9 -Ithin a corresponding tile, the latter two of wh.ch are speeded by 

the output sampling location; 

FIG 7 depicts the correct alignment of the drawing sheets for FIGs. 7A and 7B. 
a FIGs TAand 7B collectively depict a high level block diagram of image processing system 700 that 

SS^S™ of a two chip ^e^^^sr 713 and TPP processor 
740) of the inventive technique used in system 700 shown In FK5s. 7A .and 1 7B; 
fir n rieoicts the correct alignment of the drawing sheets for FIGs. 9A and 8B, 
„ m, £SN5 «* • «»** ot Main Loop 900 that is Ml —n n^cc-opo-., 

S rCo™"Z*^™ 0 Ro*. 1000 (hat Is lomwd of steps 925*945 Ulat occur ,„ 

srTSSZSEz «»*- «— — «»«-»■—' — « 

rif^J!lln^%<^ Cnar,as S»p ,040 M t. Md T* 

Hs corresponding tile caused by rotation of the tile within ^ "octe 
FIG 16 depicts the correct alignment of the drawing sheets for FIGs. 16A and 16B. 
FIGs 18A and 16B collectively depict a flowchart of Block Position Offset Calculate Step 1050 that is 
axecuted within Tile Processing Routine 1000 shown in FIG. 10; 

F.T^7 deplSs a high levef flowchart of Tile Processing Step 1060 that is executed wrthm T.le 
Processing Routine 1000 shown in FIG. 10; 

FIG 18 depicts the correct alignment of the drawing sheets for FIGs. 18A and 1BB, 
HGs. 18? anJtBB collective^ depict a detailed flowchart of Tile Processing Step 1060 shown .n FIG. 

TO. 19 depicts a high level flowchart of Process Tile Routine 1770 that is executed as part of Tile 
Processing Step 1060 shown in FIGs. 18A and 18B; 

fio 20 deoicts a detailed flowchart of Process Tile Routine 1770 shown in FIG. 19, 
« F.G. S S2 a h£h tel I flowchart of Process Pbce. Routine 1970 that is executed as part of Process 
Tile Step 1970 shown in FIG. 20; ,„-„,_ no >m. 

FIG. 22 depicts a detailed flowchart of Process Pixel Routine 197C » shown in , H02I, 
fir deoicts the correct alignment of the drawing sheets for FIGs. 23A and 23B. 
FIGs 23aS l^^MtaSr depict a high level block diagram of an embodiment of Tile and Pixel 

40 ^r^™ a S™« rXSd circuit portion 2410 situated within Tlle Processor 2320 

SKSJ llZT^rTJZT^'^ witt-in T, te Processor related M 

«. Fir^^Towclart 2600 which shows the sequential operations that occur within Tile 

£g^^ — p - — 2350 

nG S 2?d\Ss 2 ?l table 2800 for multiplexer 2770 contained within Contone Logic 2354 shown in FIG. 
60 RG. 29 depicts a block diagram of Clipping Logic 2370 contained within Pixel Processor 2350 shown In 
table 3000 for multiplexer 2940 contained within Clipping Logic 2370 shown in FIG. 
as HQ. 31 depicts a block diagram of Noise Address Logic 2358 contained within Pixel Processor 2350 

TT^T^l^l of Haiftone Reference Address Logic 2365 contained within Ft* 

Processor 2350 shown in FIGs. 23A and 23B, 
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ihJ° ^'^""^rstending, Identical reference numerals have been used, where possible, to denote 
identical elements that are common to various figures. w*»»k>, io uanoie 

MODES OF CARRYING OUT THE INVENTION 

After reading the following description, those skilled in the art will readily appreciate that the inventive 
technique can be used In a wide variety of image processing ^ic^J^^ZZieZZt 

2XJT°'< T° n h f ftoning * re,at,Ve,y hi9h "»■*• lnas ™ ch * ™ °< the preZ2 
orolt no „° T[* 0n J" ' ik9ly 10 ^ lamenting * description language in a " 

ssrsrr™ 6 - a i ifli i ,ma9e process,n9 system - ^ embedded ^ - ^ 

iSn m!^^ ! m Jf' er . **" " MWn any P" 0 ** 1 ^ i^ge processing equipment that forms ine 
system, then, for the sake of brevity, we will discuss the invention in that context 

to J£ -fST^ B m ! anin9ftjl yet d9talled understanding of the inventive technique and apparatus 

L!L^? fl n J? 9 dlSCUSSi ° n Wi " pr0Ceed in var,OUS Flrst - we wl » describe Temple 

P M° C ft n9 SyStem for im P |e ™ ntin 9 a P a 9° Option language in accordance W»i 
SJZZZt XT. Ne ^ throu ? h the 81(1 of various ^phical ^ons, we will present the inventive 

Tnc^ 1^ f h ,ma ° e SCaIin9 ' rote,i0n md ha " t0nin S- T" 6 ^' *• *«« Ascribe, at an 

5? 2 fteil an ombod.ment of an image processing system that incorporates the inventive 
technique fortowed by a detailed discussion of a two chip (e.g. microcomputer/ASIC) implementation oTthfe 
JETE^ Z^lTT Wi " ,ifSf Pr ° Vide 8 fUnCti ° nal ^cription through W*JE£££ 
would rfZ,? ? bV ?* Chif>S fo " OWed by 8 dBSCriplion of dedicated hardware circuitry tha 
Il^Mh^ , ^ 8d '?'u for GXamplS ' thB AS,C (W^tion specific Integrated circuit) d^ip to 
implement the salient portion of the technique there. 

as A. System for Implementing a Page Description Language 

mo rLV? iCtS Si T' iffed Very hi9h teve ' b,0Ck diaoram of ima9e jessing system 5 for implement- 
ing a page descr. P t,on language (PDL) that provides image scaiing. rotation and halftoning capites in 
accordance wlm the inventive technique. As shown, incoming data is routed, via lead y JX m 

izzfsLV r DL tt* each foiiowed by am ° MM »*» » co "«"— s 

l^T^^L h 8 "^ ^ nmar,d SPedfieS *• manner ftrou B h which the '^mediately succeed- 

2nn ThI 1, Pro0eS$ed hence appear in an output pa 9 a The •« ta "y ««Wn8 PDL commands 
in^T""" 1 ? d3ta coite ^ fofm a data stream which is routed, via lead 7, to processor 

STS. ■ - pr0Cess,n9 arcuitr y- ^ donning a corresponding image processing opera- 

S ^L^TT? date th9r6after Wril8S reSUI8n9 processed ima 9* date '"to the output buffer. 
The contents of this buffer are then read, in rasterized form, and applied, via lead 21, to digital maZo 

^f"? ' tS S,mp,96t form ' a Sin9te S P" (output b^S^ 9 

srr'S wt appBed to te input - Typica,,y - en9me 25 ,s a ,as ^ p* ter verticarSd 

JSTvSS LTZr 3 ° n T ° rdSr ° f 300 d ° tS/inCh 1 « dots/cm) or more. Printed 

SuSufTr 1 7 V PaP6r W 0U,PUt ' ' S Pr0dUCed * en9ine 25 and reftecte * 9 «* 

A PDL allows a user to define objects, such as an image, that are to appear on printed pane 30 and 

STm^S? to te P 7 9SS9 ! ln a desir9d ,ashion ^ ^ «»— ^ Phoned im. «3S?«S 

other m order to properly form the entire page. To provide maximum flexibility to a user in processing a 

£Te IX rr 1, wH !L ,loatin9 point precisiori - un,fom ™«™££ 

Sets ™ ?ZZ tS" ^ ,0 aSSUre 3 documen,ar y 'mage properly "mates up- with other 

artSo?o a rT^Jctm 396 prc *? eSS,n9 ,UnCti ° nS mUSt be very accurate,y implemented, otherwise 
artitacts or other errors will appear on the page, when printed. 

s i„ A ^ T-? 9 ' 8 ^ S .° f PDL commands m ay sP^Ify that Input contone image 8 Is to be scaled by 
.5 .n each d.rect,on. rotated by approximately 45 degrees, hafftoned and then positioned In the middle of an 
output page so as to yle.d output image 33 located on page 30. These commands may elso sp^ tSZ 
text letters -A" and V are to be placed on either side of output image 33 with the letter "A- MnqsaJS 
both honzontally and vertically by 2. .n processing these PDL commands and the aco^y^STJS 

VET? on J^ contone ima9e date< 85 described in dBtai ' below - ta yield 

rotated and halftoned output image with the results being written into output buffer 17 Processor 13 wil 
also operate on the textual data as defined by the PDL commands. Output buffer 17 Is sSntlTlarget 
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store halftone* Image data at the writing resolution of engine 25 for at least one, and usually several, entire 

OUtP S,e7r2ent invention does not lie in the specific commands used in a PDL nor injthe manna, -in which 
eaoh MIL command and its associated data is generated but rather in the manner through which Image 
sSng rotSon and halftoning functions can be implemented to impart those functions into , a PDL. As such, 
the following discussion will only center on discussing Image scaling, rotation and halftoning. 

B. The Inventive Process 

The Inventive tile-based process will first be discussed, in an overall qualitative fashion, with respect to 
FIGs M 2D 3. 4 and 5. Various tile-based operations that collectively form the inventive process for 
implementing image scaling, rotation and halftoning in system 5 are shown in FIQs. 2A - 2D for which toe 
£££!2t« the drLng sheets for these figures is shown in FIG. 2^Contone 
data writing for various illustrative spatially corresponding contone boxes and output ""^J"*^ 
FIG 3 Detailed depictions of a single contone box and corresponding output, block are respectively shown 
in RGs 4 and 5 The reader should simultaneously refer to all these figures throughout the following 

^TSTnvontive process relies on first partitioning an entire Input contone Image |* *^ 
identically sized tjtes. Contone Image 301 shown in FIG. 3 is partitioned mto contone ties 310,. SlftsSlfc. 
TrnlB horizontally and vertically throughout the entire contone image. As an expanded v«w. depichon 

210 shown in FIG 2A shows image portion 215 as formed of nine contone ties 215,. 21fc <ns», 

%£ZZ a mree-by-three matrrx" Once this image is partitioned, then each contone m 
Accessed to yield output, e.g. halftoned, bit values that, for each such t.le, are 

into a corresponding square block of locations In the output buffer. In this regard, blocks 371,. 371,.. 371 . 

to ouiut Kfer 17 shown in FIG. 3 contain output bit values for smoothly abutbng oorrespond.ngj tfput 
Gte STsTfe. 375 3 . ... that collectively form output image 33. Each output t ie contems output _data f or a 
Se corresponding contone tile. While proceeding through the following discuss.cn. the reader should 
ttjZ^ESiIL* tiles refer to those tlles that collectively form the contone image, while output 
Ules refer to those tiles that collectively form the output image formed in output buffer 17. 

Each block in the output buffer is fixed in stee, at illustratively 32-by-32 locations. A separate block 
exisJtor 2?c5J2a2 inasmuch as the contone image can be rotated S*?S 
respect to the output page, the tiles are skewed by * degrees with respect to *-ou^b^TOM. 
seen in depiction 210 shown in FIG. 2 by the output blocks being supenmposed onto their spatially 
nrviwimntlina tiles and in FIG. 3 by skewed output image 33. 

^K?KES i discussed in detai. below, the size of each tiie Is established to be the = m 
size tfTwill fit within an output block. The size of each tile is determined by three factors: «*>««*" £ 
^ sow and fast scan directions <« and «, an angle W through which the contone Image is tobe rotated 
and Z output block size, fixed at illustratively 32-by-32 output locations. Because each output tile ? is 
ieTJZte corresponding block, adjacent blocks, such as blocks 217, and 217, shown 
Sat contain output data for abutting contone tiles 215, and 215,, will overiap '" the output < ™e 
degrS oToverli between ad]acent blocks Is governed by the magnitude of the angle. * through which the 
cSSone maqe is to be rotated. As the angle increases, so does the amount of overlap. The areas of 
"eZ wS b^S, occurs in shaded areas 219. Simifcr areas occur within each of the other blocks. 
The overlap ensures that all adjacent tiles will abut and be property aligned amongst * em f 

Depiction 220 shows one such Illustrative contone tile. e.g. tile 2^su Wosed onto , rts correspond- 
ing output block. e.g. block 217,. As can be seen, this tile Is oriented by the angle of rotation, *. wrth 

■^^TcSS. tiles defined in this manner and angled with respect to the blocks, fe"™^ 
is two-dimensionally sampled so that, in effect, the contone data required for ™* b ^™^ b ™£g 
from its associated contone tile. Since sampling occurs in the contone plane, e.g. plane 301 shown in TO. 
3 two-dimensional sample increments in fast and slow scan directions (v and u). are establ.shed. also 
^SSSi as Lcrlbed in detail below, such that a different <^J""» ^ 

genefated for each and every output location in every output block that is to contain output data far a .We of 
S^ontona image. As a result, a region of contone values in the contone Image. hereinafter, referred to as a 
; cTntonr^Ttodistinguish it fnTan output block) is completely sampled at 

raster form to yield a number of successive contone samples that, once processed such as through 
Stoning will generate successive output values sufficient in number to completely fill a spatially 
co^nding output block in the output image. As each such sampled contone value is generated and 
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processed, Its resulting halftoned output value is written into a corresponding output location in an output 
block. In this regard, contone boxes 320i, 320s. 320*, ... which respectively contain contone tiles 310,, 
3102, 31 Qs, ... are each successively sampled in a raster fashion to yield a succession of contone samples 
for each such box. These samples, for each box, are then processed, through halftone screening, to yield a 
corresponding succession of halftone bits (writing spots) that is written into appropriate successive locations 

in a corresponding output block, e.g. into output blocks 371 371 2 , 371 3 FIG. 3 illustrates the spatial 

correspondence between the contone boxes and associated output blocks. Specifically, sampled contone 
values for respective contone boxes 320,, 320a and 320a are applied to halftone screener 340 as 
symbolized by respective lines 331, 332 and 333. These lines serve to visually distinguish the contone 
i samples produced for each one of these three contone boxes. Halftone screener 340 operates on the 
contone samples generated for each of these boxes and provides a separate halftone bit pattern, in a 
manner to be discussed below, therefor. The halftone bit patterns resulting from the contone samples 
appearing on lines 331, 332, and 333 are routed by halftone screener 340, via respective lines 341, 342 and 
343, to clipping logic 350. The output bits provided by this logic, as discussed below, are written into output 
buffer 17 and specifically into corresponding output blocks 371,, 371 2 , and 371 3 . as symbolized by lines 
331, 362 and 363, respectively. Thus, the contone samples that result from each of contone boxes 320,, 
3202, 320s produce corresponding successions of screened output values which, in turn, are written into 
corresponding output blocks 371 1( 371 2i and 371 3 . Each contone box in contone image 301 is sequentially 
processed to write output data Into a corresponding output block until all the output blocks have been filled. 

Output data is only needed in each block in the output buffer to fill the region associated with the 
corresponding contone tile. Inasmuch as a contone tile, based upon the angle of rotation, may not fully 
occupy a contone box, clipping, as defined below, is used to define those contone samples that are situated 
within a contone tile which are to be processed and generate resulting output values for storage into an 
output tile in an output block from the remaining contone samples in the contone box that are to be 
effectively ignored. Inasmuch as these latter values would generate output data for the overlap region for 
adjacent output blocks, zero values are written into output buffer at corresponding output locations. In its 
simplest form, clipping can be viewed as a simple switch that either applies a halftone bit value or a zero 
value for writing in each output location in an output block. Switches 351, 352 and 353 provide clipping 
functions for the output blocks 371 371 2 and 371 3 by routing either the halftone bit values then appearing 
on lines 341, 342 or 343 or the zero value applied to line 345 to respective lines 361, 362 and 363 The 
selection of either the halftone bit or zero value (switch setting) for any output block is made based upon 
the simultaneously occurring values of orthogonal clipping coordinates (K and L). These coordinates are 
defined and scaled such that, given the current tile size, a "unit" distance in variables K and L equals the 
distance along an edge of a contone tile. Specifically, K and L are both equal to the vaiue one within a 
contone tile and either zero or two outside this tile. These clipping variables effectively circumscribe the 
boundaries of each contone tile and allow output data to fill the area in each output block that is to be 
occupied by a corresponding output tile while writing zero values into all the remaining regions of each 
block. Processed contone sample data, e.g. halftoned bits, are written into those spatially corresponding 
output locations within a block for which the values of K and L are both equal to one. i.e. only within an 
output tile contained within any output block and not within any overlap area. The values of K and L are 
appropriately incremented, also in raster fashion, as are the addresses for the current output location to be 
written in the current output block. 

The contone sampling direction, as shown by sample lines 223 shown in depiction 220 in FIG. 2A is 
oriented to match the horizontal and vertical directions of the output buffer but, owing to the rotation of the 
contone image, is angled with respect to each contone tile. Since it is the incoming contone values that are 
actually sampled, angled sampling, by sample lines 223i, 223z, 223 3 , .... 223,,, occurs through the input 
contone image, at the appropriate sampling increments to obtain data from each Image tile, such as tile 
2157, in each contone box. Because sufficient contone sampling occurs, in a raster fashion, to generate 
data for all output locations In each output block, sampling extends beyond the periphery of each tile to fill 

an entire contone box. In this regard, sampling lines 223i ( 2232, 223 3 223n (collectively forming lines 

223) generate contone samples, each of which is marked with an "X", throughout contone box 3202 
including contone tile 31Q2 shown in FIG. 4. The resulting sampled values provide sufficient output data to 
fill an entire output block such as block 371 3 , including peripheral areas 377, shown in FIG. 5. An output 
block, such as block 371 3t is filled in raster fashion and in the directions shown by axes p and q, with data 
written into each of the 32-by<32 fixed output locations (each indicated by a solid dot) starting at the upper 
left hand corner of the block and continuing to the lower right hand corner thereof. Owing to clipping within 
this block, zeroes are written into the output locations that fall within peripheral areas 377 (shown 1 cross- 
hatched for ready identification) with halftoned bit values being written for the remaining locations that fall 
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wHhin output tne 3753. anH*. «***» ^ shown n F.a » ^ 

^215, and ths spatia, correspondence between ^jJ^JSJ*^ of tne CO ntone box which 

For a contone Image, samplmg begins at the upper J^^JJ^ i ertically dowrW ard through 
corresponds to the uppermost output block ",^ e °7^ D ^^™?aoh contone box Is sampled, 

bo, This block Is "^^^"S^SSS; aTso'o, Appropriate variables are 
sampling commences at the ULC o1 " e * contone box and are appropriately incremented by fast 
used to maintain the ULC address for the current ""J"™ ™ a su ^ess ive contone box. As such, 
and slow scan increments to commence sampling at the ^<*»£ ^^ 7u 217> , 217ll that form 

X^K^^^ fine dete , Two aius . ative 

Depiction 230 of FIG. 2B shows tw^imensional contone sam pfe now n ^ ^ 

sampling lines 223, and 223,., are specifically shown. ^^^^XqY These variables are 
term's o? coordinates u and v oHh. ^JJ"™ ^ "di^TplTsampi.ng increments 
appropriately Incremented In the fast ana s.ow n as A fast< 

ApLl_u_fast. Apix e l_v_fast Ap.xe._u slo» ^^ a V ^ A ^SS« set during initiation 
Avjast. Au_slow and Av_fast). These Inenmente, h fact Jjjj^* „ ^ e box , ^ shovvn m 
such that a correct number of contone ""S^^J.^p,,,, line, such as line 223,, 

depiction 230. contone sampling ^^^^f^^Z^J, and u pixel sampling 
and, through successive increment*™ of **™+Z»«^» ta me next along this line in 

increments Apixel_v_fast and ^- u -^ 231,. 231* and 231*. When the 

order to yield a equally distributed sequence of sarong £ iHu ^ ly locat , 0 n 231.. the 

W sampling Nation has ^» £^ 

sampling address .s .ncremented by the slow scan p*e. samp y . „ ^ and ^ 

commence sampling at the leftmost location or .the next ^J^J^^S sarnpling line, 
on. Resulting contone sample points are .nd.cated ™Zm value merely serves as an 

As indicated in depiction M0< <*™^ J** T^T^*™«™ reference cel.. Stack 
address to a font memory. ..e. retewttM^ to se.ec ^ dejjned number of , e .g. 256. 
242. which is stored within a memory (no shown " ^e figure) . stores p ^ ^ 

different cells. Each cell holds a bit-map. forme* 2«Tfton. a zero sized 
Within stack 242, the size of the dots gradually «W W -w 
dot in cel. 242c to a 100% dot (i.e. one that * "^^.^^ » dot patterns are 

and 242,., respectively store Intermediate ^f^l^'™^^ is selected, that cell is sampled 
shown as being smooth, they are actually J 8 ^ 0 ^ sl0 w scan Increments 

will contain a proper number of halftone dote. ^ va|ue producing a 

"1^^^^^^ S^— ^ in wSch halftone sampling occurs Is 

Z32ZSZtt£*~> and inc— j at ™^Z+*£Z~ —~ 

Now. assume, for purposes of discusaon. that the value of a de J rees ^ snown in 

reference cel. 245o. Also, assume that the scree .angle . JjjSTSoi**?. seamless doubly 
depiction 250 o, FIG. ^^^^ output blocks, specify btock 

periodic two-dimensional halftone dot pattern, mis i aep pr0CBe ds through the screen in e two- 

2 17„ superimposed onto halftone screen , 248J ^^^T^om run parcel to M output 
dimensional raster fashion along fast and slow ff^^^ ^ nalftone dot cell, angled sampling 

with sampling recommencing therefrom and soon reference ^ 2424y 

In this regard, illustrative sampling unes m»™m^mm™ y ^ <or 

to yield a succession of halftone samp ng par* alonfr eachhna^ h sjnjr fa ^ 
contone sampling, halftone reference ^arppimg ^'^^Z^, in terms of x and y 
each halftone sampling line. Two variables ^"J^JJ^,,,. These variables are appropriately 
coordinates, of the current samphng ^^^^^^STZ^ increments Apixel_x_fast. 
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As discussed above, the contone sampling and screening operations occur in lockstep le in unison 
Plane wi always remain on a common line, specifically line 685, that vertically intersects all ihrL ViTnT 

C. Image Processing System Utilizing the inventive Technique 

Having now qualitatively described the inventive process, FIGs. 7A and 7B collectively depict a high 
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■evel block diagram of Image processing system 700 thai implements this 

processing functionality. The correct alignment of the drawing sheets for FIGs. 7A and 7B is shown in hit.. 

? ' As shown, system 700 is formed of command and control processor 710. Image date decompressor 
720 ImSe^cJssing pipeline 730 and output buffer and memory management unit 760. aii inMflOjnMM 
Sough bus 750. System 700 accepts Incoming image data in the form of packets w,th 
on incut bus 705. Each of these packets contains one or more specific image processing .nstructions along 
wT'almpany.ng image data^he iatter being typically in compressed ^^.^^ 0 
Dfocessor 710 provides overall control of system 700. In this regard, processor 710 reads tte headerof 
eaTSomlng packet and then routes the packet to an appropriate destination for further P^slng^The 
p^Sg may be inflated within processor 710 itseif, such as In the case of ^^JSSZ 
halftoning, or elsewhere, such as within decompressor 720 or image processing pipel'ne 730. Outort jBrifor 
and Sorv management unit 760 provides muttiple pages of random access memory (RAM) for 
temped storaTe ofpTetsed image d'ata and/or for loca. use or as a frame memory to ho.d output ,mage 

~<£Z^2L processor 710 contains registers 711. microcomputer 713, read only memory 
715 aTpS W. ail interconnected through local bus 716. This bus is 

rircuitrv not specifically shown, to input bus 705 and inter-connection busses 719 and 750. Registers 711, 
whicnreToS^y and readable through using external commands applied to leads 705. store various 
plme^ ^ supple information! use in providing overai. controi of system 700 and interfering 
Kre^to upstream image handling and/or processing systems. Microcomputer 712 » any one of a wide 
Set of lidard commercialiy available single^ microcomputers. ROM 715 stores program and 
constant data. RAM 717 stores muiU-level halftone reference (font) date, speaftcaly 16 diffe ent 5 Mevel 
Mtton" reference cell stacks, and pre-defined noise data, as discussed below. Tt,.s RAM ,s loaded during 
system initialization using font and noise data appeanng on bus 705. 

Decomoressor 720 accepts packets of incoming image date and decompresses the data, in a well 
know^SL to yield decompressed data that is temporarily stored within and subsequently processed by 

^agTprocessing pipeline 730 performs specialized image processing on d^prejed I image data 
This Dioeline is comprised of tri-linear interpolator 733. RAM memor.es 731 and 735. We and pixe 
wocesS 7pP) 7^Z tiling RAM 742. Incoming twenty-four bit image data <24D) is appUed to the input 
^ZrmSiZcT?^ and TPP 740. Specifically, interpolator 733 Implements various well-known color 
S£Z in aThreSdlmensiona, basis using table lookup and ^^^^^ 
red oreen blue (R.G.B) value into printable cyan, yellow, magenta and black (C.Y.M.B) values, ram /ji 
Sores Sous rooVup tables used by interpolator 733. These look-up tables which are rathe, ^comple . , are 
Sne^ted through use of a "reference" output writer. The tri-linear interpolator prov.des twelve-b.t output 
SSSs wh ch are routed through a look-up table stored wtthin RAM 735. This latter look-up table 
whTch is relatively simple, converts the twelve-bft output data into eight-bit form while proving further 
comMnsatiw to *ie C,Y,M,K values, such as for dot gain affects and the like particular ■* ^the <»W ™* 
cTS b£ng used. As different output writers (marking engines) are used, the tabte stored m ^RAW I 735 s 
changed appropriately to reflect the output characteristics of that writer. By changing the >'ook-uP table in 
rS 735 Z changes need to be made to the rather complex three-dimensional interne lafton tables stored 
iTS^.f eigm bit (contone) rather than twentyfour bit ; oohr ^f^SS^S^ 
then the contone data is merely passed unchanged through the .nterpolator ^ d r ^I 3 p 5 _^ P ^: pp ,„ 
The eiaht-bit data provided by RAM 735 are contone values which are applied to TPP 740 The TPP, In 
conion wift Socomputer 713 as will discussed in detail below, implements the invents technique 

Jfifcl roteli0 "' SCa,i "9 - d ha,ft ° ne SCreeni " 9 - ' S ?! ^ ^ 9 Zn 

bv mtanx^ipuf 713 and processes a full tile of contone date at a time to yield, for example rewlting 

ELS^S bits therefor Once the TPP is configured, such as by receiving tile starting coordinates, it 
to complete contone tile independently of microcomputer 713. As such. J^'^^ 
fhe entire contone image, calculates the starting. La ULC, coordinates for each tile and I fnorementa^ 
s^npfina distances for the contone and halftone reference sampling, supplies th.s '"formation to the TPP 
Z tnen fnstructs the TPP to commence processing the first ^^J£*™££££Z 
processed this tile, the microcomputer updates the sterhng t.le coordinates In the TPP fo -We .netf contone 
5 tile commences processing of that tile by the TPP and so on for each successive <x>ntone mage «le until 
tiie eSiTcontone image has been processed. Tiling RAM 742. typically 128 Kbyte-by-8 bits stores N 
™?«t« S«TI effectively a "strip", of the contone image for use by TPP 740. RAM 742 is formed of 
E^^JSETte fts SlSiveiy smai. size is advantageousfy far less expensive and complex to 
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implement than a full size frame buffer of comparable speed. Based upon the actual number "N" of 
contone image lines stored within RAM 742, TPP 740 can provide image scaling within the range of N to 
1/N in each of the fast and slow scan directions. 

Output buffer and memory management unit 760 contains address generator 762, memory controller 

> 769 and output buffers 766. Output information is applied from, e.g. pipeline 730, over busses 747 and 750 
to unit 760. Within this unit, the address portion of this Information is routed, via bus 761, to address 
generator 762 which translates that address into a block address and routes the block address, via leads 
763, to the memory controller. The memory controller translates the block address into an appropriate 
memory address and routes the latter address, via leads 767, to the address input of output buffers 766. 

> The data portion of the output information is routed, via bus 761, to the data input of buffers 766 These 
buffers contain multiple pages of RAM 768 which is divided into two equally sized groups, 768 A and 768b 
of page buffers which are collectively operated in a well-known "ping-pong" fashion such that output data 
can be written into one group of pages, e.g. 768 Al while data is read from the other group, e.g. 768e. The 
output data read from buggers 768 is supplied, via output data leads 772, to the binary ("bi-level") markina 

f (writing) engine. a 

Now, turning to the present invention, FIG. 8 depicts a block diagram of a two chip implementation 
(microcomputer 713 and TPP processor 740) of the inventive technique used in system 700 shown in FIQs. 
7A and 7B. This implementation is collectively referred to as tile transform and halftone (TTH) circuit 800. 

TTH circuit 800 is formed of microcomputer 713, TPP 740 and output buffer and memory management 
unit 760. As discussed above, microcomputer 713 calculates the starting point of each tile in a contone 
image and the incremental sampling distances. The microcomputer also calculates sine and cosine values 
of the rotation angle, <f». and the screen angle, 0, inasmuch as implementing these functions in software is 
significantly easier than in the TPP. TPP 740 is a dedicated hardware circuit, specifically formed using a 
gate array or an application specific integrated circuit (ASIC) or other readily customizable large scale 
integrated circuit device, which processes each tile by sampling through defined regions in both the 
contone and halftone reference planes. 

Collectively, the microcomputer and its control program together with the TPP implement two nested 
loops: an outer loop, primarily executing within the microcomputer, for processing each contone tile in the 
image and an inner loop, executing solely within the TPP, for processing each pixel within each such tile 
As discussed in detail below, the microcomputer properly configures the TPP to process each contone tile 
and then instructs the TPP to fully process that tile. In addition, the microcomputer also establishes as 
discussed below, various parameter values that exist for the entire image, such as for scaling parameters, 
rotation parameters and halftoning parameters. Once established, these parameters remain constant 
throughout the entire image. 

As shown in FIG. 8, input (contone) data is applied, via leads 803, to microcomputer 713 along with job 
control data (command information) via leads 805. Various supervisory control signals are also applied, via 
leads 807, to the microcomputer to regulate and control image processing. The microcomputer also 
provides status information, such as avaifableybusy, on leads 811 and an input flow control signal to lead 
809. The status information is connected to upstream circuitry (not shown) to inform it as to the current 
status of TTH circuit 800. The flow control signal is used to regulate the amount of incoming contone data 
that the microcomputer will accept at any one time. Microcomputer 713 supplies configuration information 
via lead 813, tile information via leads 815, and various control signals via lead 817, to TPP 740. The 
configuration and tile information are numerical parameter values which are required by the TPP to process 
each successive contone tile in the image. The configuration image is applied once per image while the tile 
information is updated for each successive contone tile. TPP 740 provides status information, such as an 
available/busy signal, to the microcomputer. By monitoring the status information provided over leads 819, 
the microcomputer can calculate parameter values for a successive contone tile as well as perform other 
tasks while the TPP is undertaking pixel sampling operations for the current tile. In addition, as soon as the 
TPP has completed its processing and changed its status, the microcomputer, in conjunction wrth a simple 
handshake protocol, can load the TPP with parameter values for the next successive contone tile and then 
initiate tile processing so as to minimize the wait time of the TT»P and increase system throughput As 
discussed in detail below, the TPP accesses appropriate halftone font and noise data from RAM 717 for use 
during halftone screening. To do so, the TPP applies appropriate address information (address of the 
current x,y sampling location), via leads 841, to RAM 717 and, via leads 843, receives resulting halftone and 
noise data therefrom. Tiling FIAM 742 is connected, via address leads 831 and data leads 833 to TPP 740 
and stores contone data for an "N" line strip of contone tiles currently being processed. The' first strip of 
contone data is loaded into RAM 742 by microcomputer 713 prior to tile processing with data for each 
successive strip being loaded after each preceding strip has been completely processed. The data stored in 
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RAM 742 Is sampled by the TPP. 

As the TPP generates each output bit for a current block in the output image, that bit is stored within 
FIFO (first in first out) file 857. As such, the FIFO file accumulates the data for the current output block 
being produced. This FIFO Is shown dashed inasmuch as It Is would typically be implemented through a 
buffer read through an asynchronous controller. 

After the TPP has generated each block of output data and has signified this event to microcomputer 
713 again through a handshake protocol and via a change in its status information appearing on leads 819. 
the microcomputer supplies the coordinates of that block within the output image, via leads 823, to address 
generator 762. The address generator, which is a block transfer ("BLTing") processor, converts the image 
block coordinates into a reai block address within output buffsr 766 and applies that address to memory 
controller 769. Thereafter, the address generator applies the block address to the controller and, through the 
microcomputer, initiates a block transfer of the current block of output data, from FIFO file 857 into output 
buffer 766. The contents of output buffer 766 appearing on leads 722 are applied to the marking engine in 
order to print a hard-copy version of the output image. 

D. Pseudo-code Description of the Operations Undertaken by Microcomputer 713 and TPP 740 

A flowchart of Main Loop 900 executed within microcomputer 713 shown in TTH circuit 800 depicted in 
FIG 8 is shown in FIGs. 9A and 9B, for which the correct alignment of the drawing sheets for these figures 
is shown in FIG. 9. This loop is responsible for processing an entire image and configuring and coordinating 
the operation of TPP 740 to process each tile in the contone image. 

Specifically, upon entry into Main Loop 900, execution first proceeds to block 905 which, when 
executed, performs a well-known power-up initialization sequence. TTiereafter. execution proceeds to block 
910 which, when executed, obtains and calculates initial values of various parameters, as discussed betow. 
that will be used to "set-up" TTH circuit 800 in processing any contone image. Once this has occurred, 
execution proceeds to decision block 915. This block determines whether TTH circuit 800 has been 
instructed to commence processing a contone Image. In the event TTH circuit 800 has not yet been 
instructed to process an image, execution proceeds, via NO path 917 emanating from this decision block, to 
block 920 This latter block, when executed, reads any incoming job control data for the latest Image 
processing command. Thereafter, execution loops back to decision block 915 to interpret this command. 
Alternatively, if TTH circuit 800 has just been instructed to process an incoming contone image, then 
execution proceeds, via YES path 916 emanating from decision block 915, to block 925. This latter block is 
executed to calculate initial values of various parameters, as described below, that are constant for the 
entire image that is to be currently processed. 

Once block 925 has fully executed, execution proceeds to block 930 which, when executed, calculates 
initial values of various parameters, as described below, to identify the contone tile in the image that is to 
be currently processed. Block 930 then loads the values of these parameters into TPP 740. Thereafter, 
block 935 executes to instruct TPP 740 to process this tile in the contone image. Thereafter and now while 
TPP 740 is processing this tile, execution proceeds to block 940. This block, when executed, generates the 
(x y) coordinate values for the address of the current block in the output image for which data is now being 
produced for this contone tile by TPP 740. Thereafter, as shown in FIGs. 9A and 9B, execution proceeds to 
decision block 945. This decision block merely causes the microcomputer to wait, with execution looping 
through NO path 946, until TPP 740 has completed processing the current contone tile. When TPP 740 
completes processing the current tile, execution then proceeds, via YES path 947 emanating from decision 
block 945 to block 950. Block 950 when executed, provides the (x. y) block coordinate values to address 
generator 762 (see FIG. 8) and. upon receipt of a handshake from the address generator confirming the 
receipt of this address, instructs TPP 740 to initiate a block transfer of the block output data now held for 
this tile from FIFO 857 into output buffer 766. Once block 950 has fully executed, execution proceeds, as 
shown jn F|Gg 9A and QB, to decision block 955. This decision block determines whether the contone 
Image has been fully processed, l.e. whether any more contone tiles remain to be processed. In the event 
that this image has not been fully processed, then decision block 955 routes execution, via NO path 958 
back to block 930 to calculate the parameter values for the next successive contone tile in this image, and 
so on. Alternatively, if the contone image is now fully processed, then decision block 955 routes execution, 
via YES path 959, back to decision block 915 to await an incoming instruction to process the next image, 

^PrioMo proceeding with a detailed discussion of the pseudo-code, we will now define the following 
terms, coordinates and variables to facilitate subsequent understanding and for ease of reference: 
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terms 


definition 


delta 
fast/sbw 

M 

U, V 

x, y 
P. q 


-refers to an Incremental amount 

-refers to the fast scan direction which is typically across a page, tile or 

halftone reference cell. The slow scan direction is orthogonal to the fast scan 

direction and fs typically oriented down a page, tile or halftone reference cell. 

-clipping coordinates 

-contone sampling address coordinates 

-halftone reference cell sampling coordinates 

-output image (page) address 



variables 

Atile_u_slov, atile_v_slow 
Atile_u_fast, Atile_v_fast 



tile_u, tile_v 



definition 

-increments for movement from 
tile to tile in the slow and 
fast scan directions in the 
contone image plane 

-current contone tile 
positions 
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Atile_x_slow, Atile_y_slow 
Atile_x_fast, Atile_y_fast 



-increments for movement from 
tile to tile in the slow and 
fast scan directions through 
the halftone reference cell 
(screening) 



tile_x, tilery 



-current halftone reference 
cell tile positions 



Atile_p_slow, Atile_q_slow 
Atilej^fast, Atile_q_fast 



-increments for movement 
from tile to tile through 
the output buffer in the 
slow and fast scan 
directions 



tile_p, tile_q 



p_tile_start (=0) 
q_tile_start (=0) 



-current tile position in the 
output buffer 

-tile offsets in the output 
buffer (ordinarily are zero 
for tiling) 



Apixel_x_slow, Apixel_y_slow 
Apixel_x_fast, Apixel_y_f ast 



-offsets in position between 
edges of an output block 
and corners of its 
corresponding contone tile 

-pixel sampling increments 
for movement in the 
slow and fast scan 
directions through the 
halftone reference cell 



pixel_x, pixel_y 



-current pixel sampling 

position within a block in 
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the halftone reference cell 



Apixel_u_slow, 4pixel_vjslow 
Apixel_u_fast, Apixel_v_fast 



pixel_u, pixel_v 



Apixel_k_slow # Apixel_l_siow 
Apixel_k_fast, Apixel_l_fast 



pixeljc, pixel_l 



-pixel sampling increments 
for movement in the 
slow and fast scan 
directions through the 
contone image 

-current pixel sampling 
position within a contone 
box in the contone image 

-incremental pixel movement of 
the clipping variables in 
the slow and fast scan 
directions through the 
contone image 

-current clipping position in 
terms of pixels in the 
current contone box being 
processed in the contone 
image 



image_u (-Q) 
imagejv (=0) 



i**age_x, iaage_y 



block_size, tile size 



-initial coordinate of contone 
image (could be non-zero to 
clip the image) 

-halftone screen offsets (can 
be used to offset the 
screen) 

-output block size and 

(contone and output) tile 

size 
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Ak block, Al_block -increments for movement .-from 

Au_block, AV_block block to block in various 

AX_block, Ayjalock planes (box to box in the 

Ap__block, Ag_block contone plane) 

blockjc, block_l -current block position for 

block_u, block_v the clipping variables, and 

block_x, block_y in the contone image 

block_p, block_q (specifically a contone 

box) , halftone reference 
cell and in the output 
(page) buffer 

2 16 -constant (2 16 ) used to shift 

a number into the upper 16 
bits of a register 

With these definitions having been made and in mind, the discussion will now proceed with a detailed 
description of the pseudo-code. 

FIG 10 depicts a flowchart of Tile Processing Routine 1000 that is formed of steps 925-945 that occur 
In Main Loop 900 shown in FIGs. 9A and 9B. Through the Inventive technique, routine 1000 successively 
processes the tiles that collectively form the contone image to yield a rotated, scaled and/or halftoned 
output image. This routine sets up various image parameters, then sets up various parameters for the first 
tile Tin the contone image and thereafter processes the first and. with appropriate incrementation of 
parameter values specific for each successive contone tile, processes each successive tile until the entire 
contone Image has been processed. 

Specifically, upon entry into routine 1000, execution proceeds to "image" set up parameter step 925 to 
establish the values of various so-called image parameters, i.e. parameter values that remain constant 
throughout the entire contone image. These parameter values are calculated based upon, for example, the 
contone rotation angle, +; anamorphic scale factors, « and fi; the screen angle 0 and the screen ruling In 
particular, upon entry into step 925, block 1010 is executed to set the block and ttle s IZ es. The block s«e is 
set based upon the angle through which a tile will be rotated, i.e. the contone image rotation angle +. with a 
maximum tile size of 32. Once the block size is established, the tile size is set accordingly. Thereafter, 
execution proceeds to block 1020 which determines the number of tiles to be processed in the contone 
image in terms of the number of tiles in each row and the number of columns of tiles. Once this occurs, 
block 1030 is executed to calculate the incremental coordinate values (appropriate "A" values) for pixel 
movement for the clipping variables, for contone sampling and sampling through the halftone reference cell. 
Thereafter, block 1040 is executed to calculate the incremental coordinate values (appropriate A values) 
for movement between successive tiles in the contone image plane, in the halftone reference cell and 
through the output buffer. Once this has occurred, "imago" parameter set-up step 925 is completed. 

At this point, execution proceeds to "tile" parameter set-up step 930. Upon entry into this step, 
execution first proceeds to block 1050 which, when executed, calculates the offsets In position of an output 
block, Ap, and Aa., caused by rotation of a contone tile associated with its corresponding block. Once 
these offsets are calculated, execution proceeds to block 1080. The first part of th.s block, located within 
step 930. initializes the coordinates to point to beginning <ULC) of the first tile in the contone Image. 
Thereafter, a loop is entered through which the first and, then each successive contone tile Is sequentially 
processed to yield output bits which are written into successive pixel locations in the output buffer. In this 
regard each output block is filled with a tile of successive output pixels until the entire output image is 
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formed. After each successive tile in the contone image is processed, appropriate tile coordinates are 
incremented in preparation for processing the next contone tile, and so on. Alter all the contone tiles have 
been processed, execution then exits from step 1060 and from routine 1000 

FIG 11 deplete a flowchart of Block and Tile Size Setting Step 1010 that is executed within Tile 
titeS" 9 9 1000 Sh0W1 ln F ' a 10< Th ' S **• 38 cllscussed abovo - determines the proper block and 
Specifically, upon entry into step 1010, execution proceeds to decision block 1110. This block, when 
A. ! " eS " reduction scaSin 9 is 10 occur along either direction in the contone image, ie 
whether the value of scale factors « or 0 is less than one. In the event both of these factors are greater than 
one - »hen execution proceeds, via NO path 1115 emanating from decision block 1110, to block 1140. This 
latter block, when executed, pets the block size to 32 along each dimension, i.e. to produce a block having 
32-by-32 output p,xel locations. Alternatively, if reduction scaling is to occur along either dimension then 
execution proceeds, via YES path 1120 emanating from decision block 1110. to block 1130. This latter 
block, when executed, sets the block size based upon the scale factors and contone rotation angle, a. The 
te subscnp f m connection with the absolute value function appearing in blocks 1130 and 1150 denotes that 
tfie absolute value function is to be calculated in appropriate floating point precision. Once the block size 
has teen determined, either through block 1130 or 1140. execution proceeds to block 1150 which when 
executed, calculates the tile size. The tile size is based upon the block size and the sine and cosine of the 
contone image rotation angle. and is maximally one pixel smaller than the block size. After block 1150 
so has executed, execution exists from step 1010. 

FIG. 12 depicts a flowchart of Number of Tile Calculation Step 1020 that is executed within Tile 
Processing Routine 1000 shown in FIG. 10. As discussed above, step 1020 determines the number of tiles 
to be processed in the current contone image in terms of the number of tiles in each row and number of 
columns of such tiles. 

Specifically, as shown, upon entry into step 1020, execution proceeds to block 1210. This block when 
executed, calculates the number of rows of image tiles that will form the contone image, MAX ROW as a 
function of the height, H, of the contone image (in inches), the anamorphic scale factor in the fast' scan 
direction («), the laser writing and the contone frequencies (in terms of either writing spots per Inch or 
contone samples per inch, respectively) and the tile size. Once this occurs, execution proceeds to block 
1220 which, when executed, calculates the number of columns of image tiles that will form the contone 
image MAX_COL, as a function of the width. W. of the contone image (also in inches), the anamorphic 
scale factor in the slow scan direction (p), the laser writing and the contone frequency, and the tile size. 
After block 1220 has executed, execution exits from step 1020. 

FIG 13 depicts a flowchart of Set Pixel Coordinate Changes Step 1030 that is executed within Tile 
Processing Routine 1000 shown in FIG. 10. As discussed above, step 1030 calculates the incremental 
coordinate values (appropriate "A" values) for pixel movement for the clipping variables, for contone 
sampling and sampling through the halftone reference cell. These values remain constant throughout the 
entire contone image currently being processed. 

Specifically, as shown, upon entry onto step 1030, execution proceeds to block 1310. This block when 
executed calculates parameter values for the incremental pixel movement in the clipping variables, k and I 
i e Apixel k_fast. Apixel_l_fast, Apixel_k_slow and Ap| X el_J_slow, based upon the sine and cosine 
of the contone image rotation angle. *. and the tile and block size. Once all the incremental values have 
been calculated, execution proceeds to block 1320 which, when executed, calculates parameter values for 
the pixel sampling increments in the contone plane. These parameter values, Apixel u fast 
Ap«el_v_fast. Apixel_u_slow and Apixel_v_slow. are determined based upon the anamorpWclcale 
factors, the contone and laser frequencies, the sine and cosine of the contone image rotation angle r and 
the block size. After all these parameter values have been determined, execution proceeds to block 1330 
This block, when executed, calculates parameter values. i.e. Apixel_x_fast. Apixel y fast 
Apixei_x_slow and Apixel-y-siow, for pixel sampling increments in the halftone reference plane These 
increments are based upon the screen ruling, the laser frequency, the sine and cosine of the screen angle, 
$l and the block size. After these parameter values have been calculated, execution exits from step 1030 

FIG. 14 depicts a flowchart of Set Tile Coordinate Changes Step 1040 that is executed within Tile 
Processing Routine 1000 shown in FIG. 10. As discussed above, step 1040 calculates the incremental 
coordinate values (appropriate "A" values) for movement between successive tiles in the contone image 
plane in the halftone reference cell and through the output buffer. These values also remain constant 
throughout the entire contone image currently being processed. 

Specifically, as shown, upon entry onto step 1040, execution proceeds to block 1410. This block when 
executed, calculates parameter values for movement between successive tiles in the output buffer, i.e. 
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Aiile □ fast Atile q fast, ABIe p slaw and Atile_q_slow. based upon the sin© and cosine of the 
^TrSe^UMte. *. and the tile size. Once all these values have been calculated e« 
woc^eds to block 1420 which, when executed, calculates parameter values for movement between 
Sve tles in the contone piane. The parameter values Atl.e__u fast and Afl »_v^«w « Wh 
inittally set equal to zero. The remaining, parameter values, Atile_v_fast and Atile_u slow, are deter- 
SbeseTupon the anamorph.c scale factors, the contone and <™ -£ 
all these parameter values have been determined, execution proceeds to block 1430 This block, when 
executed, calculates parameter values, i.e. Atile_x_fast. Atile_y_fast. Atile_x_ 8 low and Atlle^y^slow 
STSnent between successive tiles in the halftone reference plane. These increments are basec Upon 
fte TnHnd cosine of the screen angle. 0; the tile size and the pixel sampling increments In the halftone 
reference plane. After these parameter values have been calculated, execution exrts from step 040. 

As noted above, offsets will arise, owing to tile rotation and truncation assorted wth integer block 
addressing, between the edges of successive output blocks and corresponding co " tone ^ * " der . t0 
ensure tha sampling in the contone image will correspond to correct Integer locations In the output buffer 
^ offset between the "rear contone sampling locations in a tile and the corresponding integer pixel 
aSlresses for an output block must be determined for a contone tile. These offset values on* need to be 
StenXd once Z are then subsequently used in compensating the Initial sampling potions .for ^each 
cSone file. In doing this, the upper left hand comer (ULC) of each block is '^^T^ JSTi 
point precision. However, the integer sampling addresses can vary, owing to truncation, by ^ much as 
aZoximately one bit thereby causing as much as a one bit shift up and to the left in the posrbon of each 
£ By dXrmig ■» offsete and consequently modifying the initial sampling S 
contone tile by the values of the offsets, no sampling errors will anse while each contone tile is being 
sampled and hence all the contone tiles will be correctly aligned. ^■.♦ Wl ~i, 
In ^regard FIG. 15 graphically shows offset positions situated between the edges of output bock 
217 anToo^S'oVLresinSing contone tile 215 7 caused by rotation of the tile within the b,o£ Block 
2 7 ?s square with edges 1515. 1530. 1540 and 1550. Tile 2157 is sized to max.ma I y 1 
and is oSnted, given contone rotation angle *. such that its ULC 1545. carrying sampli I f or * n ates (W) 
a?e aligned wtth left edge 1550 of the block. The location of three other corners 1520. 1525 and 1535 of the 
£ Sg^ with reference to the ULC of the tile. i.e. coordinate (0.0) on the (p. q) axes by coordinate^ , (- 
temps, tempo), (tempc-temps. tempc+temps) and (tempo, temps). As w,H be seen m FIGs. 6A and 16B. 
the positional sampling offsets. Ap, and Aq,, are respectively defined as bemg ^^^^ 
-temps) and min(0, tempo, tempc+temps, temps). Distances tempo and temps are def.ned in terms of the 
tile size and the cosine and sine of the contone rotation angle, respectively. 

Given this explanation of the offsets, RGs. 16A and 16B collectively depict a flowch«rtof Btoc* Posjon 
Offset Calculation Step 1050 that is executed within Tile ProcessmgRoubne 1000 shovmi . Fia 10 to 
calculate the value of offsets Ap, and Aq,. The correct alignment of <^ "heeto for FIGs^ 16A and 

16B is shown in FIG. 16. Step 1050 is formed of Ap, Calculation Step 1610 and Aq, Calculat on^ 3tep 1650- 
Step 1610 calculates the value of A Pt as being the most negative, ,.e. mm. of (0. tempo W^JPJ- 
-temps); while step 1650 calculates the value of Ao* as being the most negative, i.e. mm. of (0, tempo, 

'^K.'SSUr '"to step 1050. execution proceeds to Ap, Calculation Step «" 
1615 is first executed. This block sets the initial value of Ap, to zero. Thereafter, execution Proceeds to 
decs£ b.ock 1618 which tests whether the value tempo is negative, i.e. less than , the .rtfial value , o. A* 
which Is zero. In the event that the value tempo is negative, then execution proceeds, via YES ^1619, to 
bTock 625 which, when executed, sets the current value of Ap, equal to the value tempo end routes 
execution to decision block 1628. Alternatively, if the value tempc is not negative then deepen block 1618 
merX routes execution, via NO path 1620. to decision block 1628. Th s atter decision MM 
whether the value tempc-temps is less than the current value of Ap*. In the event that the value to mpc 
Temps is less than the current value of A P<> then decision block 1628 routes execution, via YES pat* 1629 
to block 1635 which sets the current value of Ap, equal to the value tempc-temps. Execution then proceeds 
to Son block 1638. Execution will also reach this decision block If decision block 
the current value of tempc-temps is greater or equal to the current value of Ap^ Dec! on block J638 
determines whether the value -temps is less than the current value of A*, in the event .that the value 
-temps is less than the current value of A P+ . then decision block 1638 routes execution. v.a YES path 1639 
: to E 1645 which sets the cuirent value of A P+ equal to the value -temps. Execution then exits from step 
1610. Alternatively, if the value of -temps Is greater than or equal to the current value of Ap„then execution 
merely exits from step 1610 via NO path 1640 emanating from decision block 1638. 

Oni step 1610 has fully executed to determine the current value of A P+ for the current ttle being 
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processed, step 1650 executes to calculate the value of Aq, for this tile. Specifically, upon entry into step 
1650, execution proceeds to block 1655, which, when executed, sets the initial value of Aq, to zero 
Thereafter, execution proceeds to decision block 1658 which tests whether the value tempc is negative i e 
lass than the initial value of Aq* which Is zero. In the event that the value tempc is negative, then execution 
proceeds, via YES path 1659, to block 1665 which, when executed, sets the current value of Aq. equal to 
the value tempc and routes execution to decision block 1668. Alternatively, If the value tempc is not 
negative, then decision block 1658 merely routes execution, via NO path 1660, to decision block 1668 This 
tetter decision block determines whether the value tempc + temps is less than the current value of Acu. In 
the event that the value tempc + temps is less than the current value of Aq,, then decision block 1668 
► routes execution, via YES path 1669, to block 1675 which sets the current value of Aq, equal to the value 
tempc+temps. Execution then proceeds to decision block 1678. Execution will also reach this decision 
block if decision block 1668 determines that the current value of tempc + temps is greater or equal to the 
current value of Aq,. Decision block 1678 determines whether the value temps is less than the current 
value of Aq,. In the event that the value temps is less than the current value of Acu, then decision block 
1678 routes execution, via YES path 1679, to block 1685 which sets the current value of Acu equal to the 
value temps. Execution then exits from step 1650. Alternatively, if the value of temps is greater than or 
equal to the current value of Aq*,then execution merely exits from step 1650 via NO path 1680 emanatina 
from decision block 1 678. y 
A high level flowchart of Tile Processing Step 1060 that is executed within Tile Processing Routine 
1 1 000 shown in FIG. 10 is depicted in FIG. 17. As discussed, step 1060 initializes the coordinates to point to 
the beginning (ULC) of the first tile in the corrtone image and thereafter, through looping, processes the first 
and then each successive contone tile in sequence to completely fill each corresponding output block In the 
output image with output bits. In addition, after each successive tile in the contone image is processed step 
1060 increments appropriate tile coordinates in preparation for processing the next successive contone' tile 
Specifically, as shown in FIG. 17, upon entry into step 1060, execution first proceeds to block 1710 
This block, whan executed, initializes various tile-based parameters for the first tile in the Image Thereafter 
execution proceeds through two nested loops, outer loop 1720 and inner loop 1730, to sequentially process 
each and every tile in the contone image. In particular, outer loop 1720 processes an entire row of tiles at a 
time, while inner loop 1730 processes each tile in each row. Upon entry into loops 1720 and 1730 
execution first proceeds to block 1740 located within the inner loop. This block, when executed, calculates 
the location (block__p, block_q) of the current output block in the output (page) buffer. Thereafter 
execution proceeds to block 1750 which, when executed, calculates the values of various increments 
specific to the current contone tile being processed, i.e. Ap_bIock, Ao^block AkJ>lock, Al block 
Au_block, AvJ>lock, Ax-block and Ay_bIock. Once this occurs, execution proceeds to block I760~which' 
when executed, uses these increments to initialize the value of various parameters that are also specific to 
the current tile being processed, i.e. block_k, block_J. block_u, block_v, block x and block y 
Thereafter, execution proceeds to block 1770 which, as described below, completely processes the current 
contone tile. Once the current contone tile has been processed by step 1770, execution proceeds to step 
1780 which increments various fast scan based parameters for the next successive contone tile in the 
current row being processed. Once this occurs, step 1770 processes this contone tile, and so on until an 
entire row of contone tiles has been processed; Once this tile processing has concluded, execution passes 
from the inner loop to block 1790 located within outer loop 1720. This block increments various slow scan 
parameters to point to the first corrtone tile in the next successive row in the contone image. Once this 
occurs, execution returns to inner loop 1730 to process all the tiles in this row, and so on. Once all the rows 
of contone tiles have been processed, execution then exits from outer loop 1720 and from tile processino 
step 1060. w 

A detailed flowchart of Trie Processing Step 1060 shown in FIG. 17 Is collectively depicted in FIGs. 18A 
and 18B, for which the correct alignment of the drawing sheets for these figures is shown in FIG 18 The 
individual steps that form blocks 1710-1790 in FIQ, 17 are shown in FIGs. 18A and 18B. 

As shown, upon entry into step 1060, execution proceeds to block 1710 which determines the values of 
parameters tile_u, tile_v, tile_x. tlle_y, tile_p and ti!e_q for the first contone tile in the Image as 
equalling the values of parameters image_u, image_v, irnage_x, imagery, p tile start and 
q__tile__start, respectively. Outer and inner loops 1720 and 1730 are now entered. NexT block 1740 is 
executed to set the output coordinates of the current block, i.e. block_p and block_q, to the current values 
of tjte_p and tiie_q plus the corresponding offset values, Ap, and Aq, ( with tho result being right shifted 
16 bit positions to yield integer block addresses. Thereafter, block 1750 executes to compute incremental 
values of Ap__block. Aq__block. Ak_block, A|_block, Au_block, Av_block, Ax__block and Ay block 
specific to the first contone tile being processed in the contone image. In this regard, Ap block and 
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Aq block are formed of what would be the fractional address portions of the block addresses C«*e 
renting tile based increments, values of Ak_block. AI_biOCk, Au block and Ay_block are emulated 
b^ed I upon the sine and cosine of the contone image rotation angle. the values of Ap_b ock and 
m™. and the contone and laser frequencies. Values of the two remaining tile based 
increments Ax block and Ay block, are determined based upon the sine and cosine of the screen angle 
n£ Tof-Ap block and" Aq„b.ock, the screen ru.in 0 and laser frequency Once these increment, 
values have been determined through block 1750. block 1760 executes , to oricub te ,n Ad for We 

Ssed parameters block k. block_l, block_u, block_v, block_x and blocker based upon these mcre- 
ments These parameterTare also specific to the current contone tile be.ng processed. Thereafter, block 
m *JZL to entirely process the^rrent contone tile, as defined by the parameter values determined 
through the immediately preceding block. Once this contone tile has been completely £«^d and 
assuming additional contone files remain to be processed in the current row then the tite based 
parameters, tile u. tlle_v. tilo_x, Hle_y. tile_p and ^,Breb***maM In block 1780 by *e 
appropriate and "respective tile based increments in the fast scan direction ,.e. At.ls_u_fast, Atf^vjta* 
7m x fast,Atile y fast.AtJte _p fast and Atlle_q_fast, to define the next contone Mb m the icurren 
2 ™7m column Vounter. ooTteio incremented by one. At this point with at tot* . »«d«M 
cine tile to process in the current row. execution loops back to block 1740 to process that 
o7J however all tiles in the current row have been processed, then execution leaves Inner loop 1730 and 
proceeds to Mock 1790. Assuming that at least one additional row of contone tiles remams to be processed 
In the contone image, then the tile based parameters. tile_u. tile_v. tile_x. tile_y. tile_j> and t.le_q, are 
«S In bicik 1790 by the appropriate and respective tile base* .increments £ the dow scan 
direction ie Atile u slow. Atlle v slow, Atile_x_slow. Atle_y_slow, Atile_p_slow ana 
aSTJ' slow, to definite first conto-eflte In the next successive row. The row column <™nter ™ is 
also lamented by one. At this point with at least one additional row of contone tites to process execubon 
toSs back to block 1740 to successively process each contone tile in that row. and so on. Once allthe 
rowJof tSes in the contone Image have been processed, execution exits from outer loop 1«"d>»»"* 
to block 1820 which generates an appropriate signal that the contone .mage has now been completely 

processed After this occurs, execution exits from step 1060. 

TS; teve flowchart of Process Tile Routine 1770. that is executed as part of Tile Processing Step 
1060 shown in FIGs. 18A and 18B, is depicted in FIG. 19. As discussed above, this routme processes an 
entire tile through rotation, scaling and/or haHtoning. as desired. 

Specifically, as shown, upon entry into routine 1770. execution f.rst proceeds to block 1910. This ^btock 
when executed initializes the values of various pixel-based parameters for the first pixel in the current 
Sut S^atTbS Generated. Once this occurs, execution proceeds to decision block 1920 wh«ch 
dSlneTblSd upon?! user input, whether tiles (i.e. tile mode) or a single raster of p,xete are to be 
processed. A single raster of pixels is processed usually if the contone .mage is not to be rotated. In the 
event that tiles are to be processed, decision block 1920 routes execution, v.a rts YES path, o block 1930 
whtcn whenTxecuted. initializes the p counter for tiles. Otherwise, if a sin pj. -raster of p.xels .s to be use* 
Ln decision block 1920 routes execution, via its NO path, to block 1940. wh.ch, when executed^nrbataes 
£ pTounter for the raster. After either block 1930 or 1940 has executed, execution enters ; two nested 
toops: outer loop 1950 and inner loop 1960. The outer ioop processes an enure row of pxels at a time, 
whSe the inner loop processes each pixel in each row. Specifically, upon entry .nto loops 1950 and I 1960 
teuton first proceeds to block 1970 located within the inner loop. This block when executed obtems 
7m. through clipped sampling in both the contone and halftone reference planes, for the currerrtly 
addressed pixel in*e output block and stores the result at that pixel location In the output block. 
Thereafter, execution proceeds to block 1980 which, when executed. Increments, in the fast ^ =can directon 
the values of various parameters (i.e. q, pixel_k. pixel_l, pixel_u. p.xel v p.xel_x and PjwUJ*" 
subsequent use in generating an output value for the next successive pixel ,n the current row of the output 
btecTonce the entire row of pixels in the output block has been written into the output block, execution 
pSes im leCer ioop to block 1990 located within outer loop 1950. This block Increments various 
peters in the slow scan direction, specifically P , pixel_k. pixelj. Pixel_u. pixe._v pixel x an d 
Sxe. y. for use in generating an output vaiue tor the first pixel in the next success.ve row , Hhe | current 
SutouTb ock. Once tttls occurs, execution returns to inner loop 1960 to process all the p,xel 8 ,r Mta -row. and 
soW Once all the rows of pixels in the current output block have been wntten. execution then exrts from 
outer loop 1950 and from pixel processing routine 1770. 

A detailed flowchart of Process Tile Routine 1770 shown in FIG. 19 is depicted .n FIG. 20. The 
individual steps that form blocks 1910-1990 in FIG, 19 are shown in FIG. 20. 

As shown, upon entry into step 1770, execution proceeds to block 1910 which determ.nes the values of 
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parameters for the first pixel In the current output block that Is being generated: plxel_k. pixel I pixel u 
plxel_v, plxel_x and pixel_y. Thereafter, counter p is initialized, via steps 1920-1940, to either the value 
zero or the value block_slze-l, respectively, depending upon whether the tile mode is being used or not 
Once this occurs, execution enters outer loop 1950 and inner loop 1960. Within the inner loop, which 
e executes for every pixel In each row in the output block, execution first proceeds to block 1970 to generate 
through the process pixel routine <as discussed in detail below), an output value for the current pixel in this" 
row and to store this output value In that pixel in that output block. Thereafter, block 1900 increments the 
vaues of parameters pixe|_k, pixeM, pixel_u, pixel_v, pixel_x and pixel y, in the fast scan direction, 
using the .ncrements Aplxel_k fast. AptxeU_fast. Aprxel_u_fast, Apixel_v_fast, Apixel x fast and 
io ApixeU^fast, respectively, for use in subsequently generating an output value for the neirtsTiccesslve 
pixel in the current row of the output block. The current contents of the q counter are also incremented by 
one to point to the next successive pixel in the current row In the output block. At this point with at least one 
™7 t(el value to generate in the current row in the output block (or raster), execution loops back to 
block 1970 to obtain an output value for that pixel, and so on. If, however, output values for all pixels in the 
rs current row (or raster) have been written, then execution leaves inner loop 1960 and proceeds to block 1990 
in the outer loop. Assuming that output values for at least one additional row of pixels remain to be written 
in the output block, then the pixel parameters, specifically pixel_k, pixeM pixel u, pixel v, pixel x and 
pixel_y are incremented, through step 1990, in the slow scan direction, using the" corresponding 
increments. Apixel_k_slow, Apixel_l_slow. Apixel_u_slow, Apixel_v_slow. Apixel x slow and 
Ap.xel_y_8low. for subsequent use In generating an output value for the first pixel in next iucrcssive row 
of the output block. The current contents of the p counter are also incremented by one to point to the next 
successive row of output pixels in the current block. If. alternatively, output values have been written for all 
the rows of pixels in the output block, then execution exits from outer loop 1950 and from routine 1770 

A high level flowchart of Process Pixel Routine 1B70 that is executed as part of Process Tile Step 1970 
shown in FIG. 20 is depicted in FIG. 21. This routine, as discussed above, obtains data, through clipped 
sampl.ng in both the contone and halftone reference planes, for the currently addressed pixel in the output 
block and stores the result at that pixel location in that output block. 

Specifically, as shown, upon entry into routine 1970, execution first proceeds to block 2110 This block 
when executed, establishes two masks, one for accessing the noise data array and the other for accessing 
an appropnate halftone reference data array, both from RAM 717 (see FIGs. 7 and 8). Each of these masks 
are used to isolate the proper bits within the prxel_x and pixel_y addresses for use in addressing each of 
these arrays. Once these masks are established, execution proceeds, as shown in FIG 21 to block 2115 
which, when executed, extracts the integer portion of current pixel addresses pfxel_k. pixel I pixel u and 
pixel v. Thereafter, block 2120 executes to determine the current value of the clipping variable, VAUD and 
thereby specify whether the current pixel that Is being generated for inclusion within the current output 
block lies within a corresponding output tile. As noted above, the value of variable VALID is formed of the 
AND combination of only the lowest order integer bit in both the K and L clipping addresses for this pixel 
This bit is isolated by "ANDing" the plxel_x and pixel_y addresses with a pre-defined mask, i.e. "0x0001" 

o<Z°J? . 65 h6X n0teti ° n - 0nm bloc * 2120 has ful,y «»«*d. execution proceeds to decision block 
2125. This latter block, when executed, determines based upon the current integer pixel address whether 
the current sampled pixel in the contone image will overlap an edge of that Image. If such an overlap 
occurs, then decision block 2125 routes execution, via YES path 2127. to execution block 2130. This latter 
J^T L . executed ' sets the sam P |ed contone value for this pixel to a pre-defined number associated 
with the color white. Alternatively, if the current sampled pixel in the contone image lies within the image 
l.e. does not overlap an image edge, then decision block 2125 routes execution, via NO path 2129 to block 
2135. This latter block obtains the sampled contone value for this pixel from tiling RAM 742 [see FIGs 7 
and 8). 

Thereafter, as shown in FIG. 21, execution proceeds to decision block 2140. This decision block 
determines, based upon prior user input, whether halftone screening is to occur, i.e whether the "contone 
mode" IS not currently in use. If screening Is not to occur, hence contone rather than halftone values are to 
'° *" OUtput buffer resoltin S in a continuous rather than hatftoned output Image, then decision 
block 2140 routes execution, via YES path 2142. to block 2145. This latter block, when executed, merely 
supplies the sampled contone value as the output data for the current pixel in the output buffer. Thereafter 
execution exits from routine 1970. Alternatively, rf halftone screening is to occur, then decision block 2140 
routes execution, via NO path 2144, to decision block 2150. This latter decision block routes execulion 
based upon the current value, of the clipping variable. VALID, to either block 2155 or 2160 if the current 
addressed bit in the output block is to be respectively set to zero or to a screened output value If the 
current output bH lies outside an output tile associated with an output block, that bit is to be set to zero In 
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that case decision block 2150 routes execution, via NO path 2152. to block 2155. This latter block sets the 
output bit to zero Block 2170 then executes to write this zero value Into the current bit location in the output 
block, specifically within FIFO 857 (see FIG. 8). Once block 2170 has executed, then, as shown in FIG. 21, 
execution exits from routine 1970. 
e Alternatively If the current output bit lies within the corresponding output tile in the output block, then 
this bit is to contain a screened output value. As such and as shown In FIG. 21. decision block 2150 routes 
execution via YES path 2154, to block 2160. This latter block, when executed, appropriately samples the 
halftone reference stack - the specific cell being selected by the present contone value associated with this 
output bit, including selecting the specific halftone stack (font) to use and/or varying the halftone sampling 
w address itself using an addressed noise value (as discussed in detail below). In particular, the noise data 
array within RAM 717 Is addressed using those bits of the pixel_x and pixel_y addresses. This array 
contains a seamless pseudo-random array of pre-stored four-bit noise data which is used to select one of 
sixteen different halftone reference stacks (fonts). These stacks store different pre-defined halftone dot 
patterns The specific patterns are not critical. However, through random font selection, spatially repeating 
re artifacts, such as Moire patterns and the like, that would otherwise be displayed in the output image due to 
the beating of the spatial sampling frequencies against the stored halftone dot patterns advantageously will 
be broken up and will not appear. Once a font has been selected, the present contone value associated with 
the current output pixel will select a corresponding halftone reference plane therein which, In turn, will bo 
sampled based upon the current low order pixel_x and pixel_y addresses to yield a screened output bit. 
20 Now, once block 2160 has fully executed to produce a screened output bit for the currently addressed pixel 
in the output block, execution then proceeds to block 2170 which writes the value Into the bit location in the 
output block, specifically within FIFO 857 (see FIG. 8). Once block 2170 has executed, then, as shown in 
FIG. 21, execution exits from routine 1970. . 

FIG. 22 depicts a detailed flowchart of Process Pixel Routine 1970 shown in FIG. 21- The individual 
as steps that form blocks 21 10-21 70 in FIG. 21 are shown in FIG. 22. 

Specifically, as shown, block 2110 establishes two masks, a noise_bit_mask for accessing the noise 
data array and a font bit_mask for accessing the halftone raterencedata arrays, both from RAM 717 (see 
FIGs 7 and 8). ThesT masks define the proper bits within the pixel_x and pixel_y addresses lor use in 
addressing each of these arrays. Within block 2115. the current values of plxel_k. pixel_l, plxel_u and 
pixel v are each right shifted by an appropriate number of bit positions in order to obtain corresponding 
integer addresses; namely. int_k, int_J, int_u and int_v. Thereafter, block 2120 determines the value erf 
the one-bit clipping variable, VALID, by logically combining the integer pixel addresses int_k and int_l with 
the mask "0x0001". where 'Ox' defines hex notation. Thereafter, blocks 2125-2135. depending upon 
whether the current sampled pixel in the contone image overlaps an edge in the contone image or not. 
respectively set the contone value associated with the current output bit in the output buffer either to a 
value associate with the color white or to the sampled contone value. If the contone mode is in use, then 
blocks 2140 and 2145 return the sampled contone value with execution then exiting from routine 1970. 
Aftematively If the contone mode is not in use and hence halftoning is to be performed, then blocks 2150- 
2170. based upon the status of the clipping variable. VALID, set the current output bit to either zero if 
variable VALID Is false (i.e. zero) or to the screened output bit if variable VALID is true (i.e. one). The 
process halftone routine determines the value of the halftoned data bit for the current output bit, as 
described above, using the current values of parameters contone, pixel_x, pixel_y, noise_bit_mask and 
font bit mask. The value of noise_bit_mask. determined through use of high order bits in vanables 
pixeT x7nd pixel y, pseudo-randomly select a particular halftone reference stack (font) to sample with the 
46 value~bf the variable contone selecting a particular halftone plane in this stack and the low order bits in 
pixel x and pixel y. as specified by the value of the forrt_bit_mask. determining the particular sampling 
location in this plane. The stored single-bit value situated at this sampling location In this plane is s the 
screened output data. This bit, whether it is zero or the screened output data, is then written by block 2170 
into the next output location within FIFO 857 (see FIG. 8). Thereafter, as shown in FIG. 22, execution exits 
so from routine 1970. 

E. Dedicated Hardware Embodiment of Tile and Pixel Processor (TPP) 740 

A high level block diagram of an embodiment of Tile and Pixel Processor (TPP) 740 shown In FIGs. 7 
ss and 8 is collectively depicted In FIGs. 23A and 23B. for which the correct alignment of the drawing sheets 

therefor is shown in FIG. 23. . 

As shown, TPP 740 is formed of tile registers 2310, tile processor 2320. pixel processor 2350 and 
control logic 2380. The tile and pixel processors collectively implement nested loops for processing each 
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contone tile in the image and each pixel with each output block that is associated with each tile. In effect, 
tile processor 2320 implements Process Tile Routine 1770, as discussed in detail above in conjunction with 
FIGs. 19 and 20; while pixel processor 2350 implements Process Pixel Routine 1970, as discussed in detail 
above in conjunction with FIGs. 21 and 22. The TPP is Implemented preferably using a gate array, an ASIC 
f or other readily customizable large scale integrated circuit device. 

Control logic 2380, which is formed of simple combinatorial logic and/or a finite state machine - the 
specific implementation of which would be readily apparent to those skilled in the art, controls the overall 
operation of TPP 740. In response to a pulse on "Start Processing" lead 817 and provided by microcom- 
puter 713 (see FIG. 8), control logic 2380, shown in FIGS. 23A and 23B f suitably instructs tile processor 
) 2320, by application of a pulse to "Do Next" lead 2384, to load, coincident the present clock pulse, its 
regtsters with the values then appearing on leads 815, and then, coincident with the next clock pulse 
commence processing a current tile in the contone image. At the same time, control logic 2380 places a 
low level on "Tile Done" lead 2382, located within status information leads 819, to suitably inform the 
microcomputer that tile processing is actively occurring. Once this processing is complete, tile processor 
t 2320 applies a pulse on "Trie Done" lead 2386 to suitably inform control logic 2380. This control logic then 
applies a high level to Tile Done* lead 2382 to suitably inform microcomputer 713 (see FIG. 8) that this 
contone tile has been completely processed. 

During the initialization of TPP 740 and in response to a "Start Processing" pulse appearing on lead 
817. tile registers 2310, shown in FIGs. 23A and 23B, are loaded in parallel by microcomputer 713, via 
leads 815 (see FIG. 8), with tile information, i.e. parameter values, that specify the current tile to be 
processed and the appropriate incremental pixel values. These parameters include the block addresses 
(block__k, block_l. block_u, blockjv, block_x and block_y) and the pixel increments, in both the fast 
and slow scan directions <Aplxel_kJast. ApixeU_fast, Apixel_u_Jast, Apixel_v_Jast, Apixel x fast, 
Aprxel_y_fast; and Ap'ixel_k__slow, Apixel_l_slow, Apixel_u_slow, Apixe^v^slow, Apixel ~x~slow 
and Apixel__y__sfow). As shown in FIGs. 23A and 23B, these block addresses and tile increments' are 
routed by control logic 2310, via leads 2312, 2314 and 2316 to appropriate adders or multiplexers located 
within tile processor 2320. 

Tile processor 2320 contains adders 2322, adders 2325, and multiplexers 2328 and 2330. ail of which 
are replicated six times - once for each of the different pixel parameters and connected as shown. The tile 
processor also contains pixel registers 2333 which contain six separate registers, one for each of the six 
pixel parameters (pixel_k, pixel_l, pixel_u, pixel_v, pixel__x and pixei_y), and control logic 2340. The 
pixel registers hofd the values ol the six pixel parameters in order to generate an output value for each pixel 
in the current block in the output buffer. Control logic 2340 controls the overall operation of tile processor 
2320 and specifically, in accordance with flow chart 2600 shown in FIG. 26 and discussed in detail below, 
the state of each of the registers, adders and multiplexers that form the pixel processor. 

To simplify the discussion of tile processor 2320, only one of the six identical sets of adders 
multiplexers and pixel registers, illustratively that for the plxel_k parameter, will now be specifically 
discussed. In this regard, under the control of control logic 2340 and during initialization of the tile 
processor, input It of multiplexer 2330 receives, over leads 2316, the starting address of block_k from tile 
registers 2310. For the first pixel in the first row of the output block, control logic 2340 applies a suitable 
level, as a select signal, over lead 2344 to multiplexer 2330 to route this starting address to the input of the 
prxel_k register within registers 2333. Thereafter, control logic 2340 applies a suitable load signal to lead 
2345 to cause this specific register to load in this starting address as the pixel__k parameter value and 
apply it to leads 2335. By virtue of a connection between leads 2335 and 2326, this value is also fed back 
to an input of adders 2322 and 2325. The Apixel_k_Jast and Apixel_k_slow increments are applied to 
another input of adders 2322 and 2325, respectively. The outputs generated by adders 2322 and 2325 are 
routed, via leads 2324 and 2327 to corresponding inputs of multiplexer 2328. Inasmuch as the contents of 
the pixel_k register are fed back, via leads 2326, to corresponding inputs of adders 2322 and 2325, these 
adders repetitively add the Apixel_k_fast and Apixel_k_slow increments to the prior plxel_k parameter 
value in order to point to successive pixels in each row and to the first pixel in successive rows. In order to 
increment the pixel_k parameter value to point to the next successive pixel in the current row in the output 
buffer, control logic 2340 applies suitabfe levels, as select (S) signals, to leads 2342 and 2344, to route the 
output of adder 2325 through multiplexers 2328 and 2330, to the pixel_k register within pixel registers 
2333. Thereafter, the control logic applies a suitable level, on leads 2345, to load the resulting accumulated 
value produced by adder 2325 into the pixel_k register within pixel registers 2333. In particular, adder 2325 
adds the fast scan pixel_k increment, Apixel_XJast, to the prior pixel__k parameter value with the 
resulting value, under the control of logic 2340, being loaded into the pixel_k register to point to the next 
successive output pixel location in the current row. and so on. When the end of a row has been reached 



26 



EP 0 527 097 A2 



30 



36 



40 



45 



60 



es 



adder 2325 overflows to point to the first pixel location in that row and also generates a pulse on Its carry 
out (Co) output which, through lead 2347. is applied to control logic 2340. This resulting pixel address .is 
routed through multiplexers 2328 and 2330 to and loaded within the pixel_k register within registers 2333. 
In addition, to modify the resulting pixel_k parameter value to point to the first pixel In the next successive 
row control logic 2340 applies suitable levels, as select signals via leads 2342 and 2344, to multiplexers 
2328 and 2330 to add, via adder 2322, the Aplxel_k_slow Increment to the current pixel address in order 
to generate an address that points to the first pixel in the next successive row. The resulting address is 
routed through multiplexer 2330 and applied to the input of the pixel_k register within registers 2333. 
Control logic 2340 then applies a suitable pulse, over leads 2345. to . load this address value into the 
pixel k register and so on to generate pixel_k parameter values for successive pixels on that row and for 
all subsequent rows. After the last row of cutout pixel addresses has been generated, adder 2322 overflows 
and also generates a pulse on Its carry out (Co) output which, through lead 2323. is applied to control og.c 
2340. Consequently, control logic 2340 generates a level change on toad 2388 to signify to control og.c 
2380 that the current block has been fully processed. The other five pixel parameter values are similarly 
incremented for each successive pixel In the current output block using the corresponding initial block 
values and fast and slow scan increments. 

In order to generate proper output data for each pixel in the contone image, the current values of the sdc 
pixel parameters (pixel_k, pixel_l. pixel_u. plxel_v. pixel_x and pixel_y) are passed, via leads 2336. 
2337 and 2338, to pixel processor 2350. This processor contains contone logic 2354, noise address logic 
2358. halftone reference (font) address logic 2365 and clipping logic 2370. 

In operation, the current values of pixel parameters pixel_u and pixel_v specify the current samp ing 
location in the contone reference plane. Contone logic 2354 determines whether this current sampling 
location overlaps the edge of the contone image. If such an overlap occurs, then this logic provides a pre- 
defined contone value for the color white on leads 2366. Alternatively, if this current sampling location lies 
within the contone image, then contone logic 2354 generates a corresponding memory address, based 
upon the pixel u and pixel_v parameter values, to tiling RAM 742. This address is applied, via leads 2355 
to the tiling RAM which. In turn, reads the contone value stored at an addressed memory location and 
provides the resulting value on data leads 2357. Contone logic 2354 then applies this value to leads 2366 
Simultaneous with the operation of contone logic 2354, noise address logic 2358, based upon eight high 
order address bits contained with the pixel_x and pixe)_y addresses appearing on leads 2338. combines 
these addresses to form a sixteen-bit memory address to noise data RAM 717. The two e.ght-b.t h.gh order 
addresses are merely abutted together to form the sixteen bit address field. This address field is then 
applied over leads 2361, to the noise date RAM. The noise data array stored therein is typically a seamless 
array of 256-by-256 pre-defined four-bit pseudo-random values, each of which selects a corresponding one 
of sixteen halftone reference (font) stacks. These stacks, each containing a dot profile represented by 256 
individual 64-by-64 halftone reference planes, are stored within halftone reference data RAM 717. The 
resulting noise data, specifically a FONT ID value, read from noise data RAM 717 is applied through leads 
2362 to halftone reference address logic 2365. Logic 2365 forms a memory address into halftone reference 
data RAM 717 using the FONT ID value as high order bits followed by the low order pixel_x and prxel_y 
address bits. The address is supplied, via toads 2367. to halftone reference data RAM 717 with the resulting 
addressed single-bit value read from the memory being applied over lead 2369 to clipping logic 2370. 
Clipping logic 2370 determines, based upon the current values of the pixel_k and pixel_l P^etf 8 
appearing on leads 2336. whether the output pixel, for which hatftoned date is appearing on lead 2369. for 
the present output block lies within an output tile or not. In the event that this pixel lies within the 
corresponding output tile, then clipping logic 2370 merely routes the value of the single bit appeanng on 
lead 2369 as output data to output lead 853 for storage into FIFO 857. Alternatively, if this pixel lies outs.de 
the corresponding output tile, then the clipping logic merely applies a zero value as output date to lead 853 
After the appropriate data value is applied to lead 853, control logic 2380 applies a level change, via lead 
2385 to "Valid Output Data" lead 819 to signify that the date then appearing on output lead 853 is valid. 
This level change is used, in a well known manner, to control the timing at which toe output data is written 

' nto H6 F 24°depicte a block diagram of replicated circuit portion 2410 situated within Tile Processor 2320 
contained within TPP 740 shown in FIQs. 23A and 23B. As discussed above, this portion is replicated s.x 
times, once for each of the pixel parameters. x„ 
Circuit portion 2410 contains adders 2412 and 2416, multiplexer 2430 and pixel register 2450. To 
simplify the drcuilry, portion 2410 combines multiplexers 2328 and 2330 shown in FIQs. 23A and 23B into 
common multiplexer 2430 shown In FIG. 24. Registers 2404, 2406 and 2408. which are specifically located 
within tile registers 2310. shown in FIGS. 23A and 23B. hold the initial and the slow and fast incremental 
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cwrdinate values, respectively, for a common pixel parameter. These registers are connected, as shown in 
o^o 1 8h teadS 2405, 2407 8nd 2409 10 ^rrespondlng "A" inputs of multiplexer 2430, and adders 
2412 and 2416. The output of pixel register 2450, appearing on leads 2455, is fed back to the "D" input to 
multiplexer 2430 and, via leads 2417. to the -B" inputs of adders 2412 and 2416. The carry out (Co) 
6 outputs produced by these adders are routed, via leads 2415 and 2421, to control logic 2340 (see FIGs 
23A and 23B). The outputs (O) of adders 2412 and 2416 are routed, as shown in FIG. 24 to the "B" and 
C" inputs to multiplexer 2430. The output (2) of this multiplexer is applied, via leads 2435. to the input of 
pixel register 2450. 

Truth table 2500, shown in FIG. 25, specifies the operation of multiplexer 2430, with "So" and "Si » 
10 being the select signals applied to this multiplexer. 

State flowchart 2600 shown in FIG. 26 details the sequential operations that occur within replicated 
circuit portion 2410 shown in FIG. 24. In particular, the first state that the circuit assumes, i.e. STATE 1 is a 
wait or standby state during which no active operations occur. The circuit remains in this state, as indicated 
by continual looping through operations 2610 and 2615 and NO path 2620. until a "Start Processing" pulse 
re appears on lead 817 (see FIGs. 23A and 23B). In response to this pulse, as shown In FIG. 26. the stale of 
circuit portion 2410 changes, as indicated by YES path 2625 emanating from decision operation 2615 to 
the next state, i.e. STATE2. During STATE2, all the initial and incremental values are loaded into tho 
appropriate registers. Once this occurs. i.e. on the next clock pulse, the next state, i.e. STATE3, is entered 
During this state, adder 2416 in conjunction with multiplexer 2430 and pixel register 2450. all shown in FIG 
24, continually and successively increments the pixel parameter value stored in register 2450 by its fast 
scan increment stored in register 2408 to yield a sequence of successively increasing values for this 
parameter. This process of successive addition occurs for STATE3 through a loop defined by NO path 2645 
emanating from decision operation 2640 until such time as adder 2416 generates a pulse (fast carry) on its 
carry out output. This pulse, when ft occurs, indicates that the pixel parameter value has been fully 
incremented in its fast scan direction. Once this incrementation has been completed, decision operation 
2640 changes the state of circuit portion 2410, via YES path 2650, to the next state, i.e. STATE4 During 
this state, adder 2412, in conjunction with multiplexer 2430 and pixel register 2450 all shown in FIG 24 
increments the value of the pixel parameter stored in register 2450 once by its slow scan increment stored 
in register 2406. Thereafter, decision operation 2660. shown in FIG. 26, determines, based upon whether 
adder 2412 has generated a carry out (slow carry) pulse, If the pixel parameter has been fully incremented 
in its slow scan direction, tf this parameter has not been fully incremented, i.e. another corresponding row 
remains to be processed, then decision operation 2660 changes the state of circuit portion 2410. via NO 
path 2665, back to STATE3 to commence processing this row. Alternatively, if adder 2412 has generated a 
carry out (slow carry) pulse, then decision operation 2660 changes the state of circuit portion 2410 via YES 
path 2670, to operation 2675 which places the circuit portion into a done state, i.e. STATES. This is merely 
a temporary state after which control logic 2340 (see FIGs. 23A and 23B) will place circuit portion 2410 
back into STATE1 , via operation 2610. 

FIG. 27 depicts a block diagram of Contone logic 2354 contained within Pixel Processor 2350 shown in 
FIGs. 23A and 23B. As shown. Contone Logic 2354 contains address generator 2730, comparators 2740 
and 2750. AND gate 2760 and multiplexer 2770. Address generator 2730 Is connected to the output of 
f*xel_u and pixel_v registers 2710 and 2720 - both of which are contained within pixel registers 2333 
shown in FIGs. 23A and 23B - and. using the contents of these registers, generates an appropriate memory 
address for the present contone sampling location defined by the values of parameters pixel u and 
pixel_v. This address is applied, via leads 2355 shown in FIG. 27. to the address input of tiling RAM 742 
The contone data value read from this RAM is provided, via leads 2357, to input "A" of multiplexer 2770 
The other input, I.e. input "B", to this multiplexer is connected, via leads 276B, to the pre-defined contone 
value for the color white. Based upon whether the present sampled pixel location lies within the contone 
image, multiplexer 2770 selects either the sampled contone value read from the tiling RAM or the pre- 
defined white value as sampled contone data 2780. Specifically, the values of parameters pixel u and 
poceLv contained within registers 2710 and 2720 are also applied to corresponding inputs of comparators 
2740 and 2750. Values representing the width (W) and height (H) of the contone image are applied via 
leads 2712 and 2714, to another set of corresponding inputs to these comparators. Comparators 2740 and 
2750 produce a high level on respective output leads 2746 and 2755 in the event that the address of the 
present pixel sampling location lies vertically and horizontally within the Image. In order to ensure that this 
sampling location lies within the image, the output levels on leads 2745 and 2755 are logically combined 
through AND gate 2760 to provide a select signal that is applied, via lead 2765. to the setect (So) input to 
multiplexer 2770. Hence, if the present contone sampling location lies within the contone image, multiplexer 
2770 directs the corresponding sampled contone value read from tiling RAM 742 to sampled contone data 
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output loads 2776 as sampled contone data 2780; otherwise, the multiplexer applies the pre-defined white 
value is applied to these output leads as data 2780. 

TnithrahlG 2800 shown in RG. 28, specifies the operation of multiplexer 2770. 

3? SE^SE*vm of cSpping Logic 2370 contained within ^'^^^ 
HGs 23A and 23B. Specifically, as shown In FIG. 29. this logic consists of AND gate 2930 mat is 
connected toL sIxteenTbit of both the pixel_k and pixeM addresses contained M Pixelk regis tor 
So^pUBl I egister 2920. both of those registers residing within pixol reg listers 2333 F'Gs- J 3A 
ZL 2S S AND combination of these bits, appearing on lead 2035 shown in FIG. 29. is ^connected I to 
Z sSS 2S SSt to mSexer 2940. The single-bit halftone cell data read from halftone reference RAM 
mTZS* rfelds X. to the "A- input to multiplexer 2940. A zero vaiue is applied to the .other. La 
"B« fnrTto 'this multiplexer. The output (Z) of these multiplexer is connected to output lead 853 and 
pLdi sc^etd data 2950. As sue., if the dipping addresses indicate that »e = , P ^ 
within a corresponding output tile, then the signal appearing on lead 2935 is "'9" tharebyj ^JO 
mSplexer 2^0 P to Ze the haHtone cel. output data appearing on ^lead *369 to output lead 853 as the 
output data; otherwise multiplexer 2940 routes tha zero value as output date Urcreto. 

Tnrth table 3000 shown in FIG. 30, specifies the operation of multiplexer 2940. 

Fl^31 deplT a bE diagram of Noise Address Logic 2358 contained within Pixel Processor 2350 
.hn^n FIGS 23A and MB This logic forms a memory address to 256-by-256 location noise data RAM 
717 ^Jy abuttrngTghTiSLbits bits <23:16). from the P ixel_x address contained in pixel x reg.ster 
3110 ^ shown in FIG 31, to eight corresponding address bits. bits (23:16>. contamed m puol^r register 
?1M SoSElv Registers 3110 and 3120 are situated within pixel registers 2333 in tile processor 2320 
f^naTS^^^tMrly^ bit addresses contains within the pixel_x and pixels registers are 
(see FIGs. 23A and 23B). me tniny ™ ^ Qm , , ^ AND gates 3140 and 

%T'£sl S gSbei'n^ fSSSZElSL Address Logic 2358. Noise — pit Mask 3115 is 
*™«ed K leads lm to M other input of each of these AND gates. By logically combin.ng the value of 
applied over leads 3 " 7 » ™ ™* v . . d jxel addresses, the resulting addresses appeanng 

ZZtlfcTnt^™^?^^ addresses. These bHs are 

?r n Sr to forrTa slSen-bit address. The resulting sixteen bit address, appearing over address leads 

^ZLTJo^o^^ locations situated in noise data HAM 

value read from this location is FONT ID 3130 which, in turn, ,s appl,ed. v,a leads 2362. to halftone 
^^^.•ST^? SL Reference Address Logic 23*5 contain 
*£SS£Z 2350 shown in F.Gs. 23A and 23B. This logic forms a STJ^STS 
ha^one reference cell RAM ^^^^ ™ S^S The 
d6SC tfJS? dS ^EJJi^i^ halftone reference planes that forms this stack. 

TSiS^C^^-y v**"* 8 current samp,infl ,oca,,on 

■^S^t^ of four-b, FONT ™ = ng ; n 

,eadsS2. foitowed by eight-bit sampled contone value 2780 appeanng on obtained 
Lm* address based on six P^7™{ 0 S 

to one Snout of AND gates 3225 and 3230. The value of Font_Bit_Mask d<dii> is appiiec, via .o<iu 
S. Z ZZf in P i of ^ch of Ifwse gates. By Wcall, combining 1. 

Specifically, instead of connecting just one TPP to microcomputer 713. as shown in Mfa. h. sev ru 
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TPPs can be connected through, for example, a bus to and controlled by the microcomputer. While the 
.mage parameters would be the same for all the TPPs; each TPP would be appropriately instructed by Z 
ZnTZ2E I T°" , 3 P ^ CU,ar noMwte PP">0 P™*"" of the image, such as horizontal strip thereof 
with a separate starting point. Once each TPP was initialized, the microcomputer would instruct that TPP to 
m SaS ,ma S^on While one TPP is undertaking Its processing, the microcomputer 

£T ^ ™ T success^ TPP and thereafter instruct it to commence its processing, and so on for 
2 T JS* ""*■ * le ^ 030 te P™"** their corresponding image portions in a sSgM* 
ftme staggered but essentially parallel fashion. Each TPP would have Its own «llng RA.J which Is loaded I by 
tta .microcomputer with the specific image strip (or other image portion) to be used by that TPP In addition 

TiF T^y™"* to Wrte " S »»* into a S9parate buffer ' such 38 a Fl ^the contents oftS 
arethen block transferred at an appropriate time, into a common output buffer. While each TPP is 

hT^T, 9 / ' m T POrBOn ** mtemow "P«** *ouW calculate the location of the corresponding portion of 

?pp ZV^T* ° h 0lrtPUt da ' a " f "° h iS """"^ supplied by TPP fe to be written Once that 

™ th»t i™™ ^1 ', p ™ ess,n °' the microcomputer would initiate a block transfer of that output data into 

the TPPs could be configured to process separate tiles rather than 5 
strips. Furthermore, the TPPs could operate with a common tiling HAM wherein the TPPs process 
successive contone values and write data to corresponding output locations In the output image on a time 
staggered and output interleaved basis. For example, if four TPPs were to be used, each TPP would wrte 
every fourth CHrtpuf location: the first TPP would write output data for the 1st, 5th, 9th, ... output locat^T 

I™ k m ^ ,rna9a PUt dat3 W ° U,d 1)6 wrtB8n by the first TPP - followed successively, in 

hm, by the second th,rd and fourth TPPs in repeating round robin fashion. Accordingly, by replicating he 
TPPs wj control through a common control.ing microcomputer, processing throughput can be substantia^ 
Increased over use of just a single TPP alone. wu&wriucwy 

25 m (t r"; thenrn . ore I - a " ho "9 h *° »»«««» reference data has been discussed in terms of multiple stacks of 
mul tl - P lane smgle brt halftone data, each stack could be replaced by a single matrix of eight-bit threshold 

HG ^%TJ n £; m If,™ d °* Va,Ues ' *" ~ ' halfto " e "««•» address togic 23^5 (see 
n^r^ ^ ^ > *" read " y m0di,ied to inc,ude a comparator which would compare each 

» Z?2 Z 89a,n8t * p»™W |ln 0 ""PW thiBBhold value in a threshold matrix. A single bit 

Z COmpar,son ' ': e - a ^ hi9h level bit tf the contone va,ue cr exceeded its corresponding 

threshoW value or a zero bit otherwise, would form the single bit halftoned output data. The noise date 

tZfhn^ ™ 2" a h Sim " ar ,aSWOn *° mat deSCribed ab0Ve ' to P^KOHWdomly select the particular 
threshold matrix, such as one of sixteen, to use at any one time. The current pixel x and pixel » 
parameter values would define the location in the threshold matrix that is to be read ~ 

In addrbon. the inventive screener could utilize contone interpolation If the contone sampling frequency 
were viewed as being too coarse. In this case, within, for example, block 2135 (see FIGs. 21 3^) 
f**™. 1 ™ P ' X V and pixel - v wou,d select successive contone values which would be collectively 
US^fSr "JZ ° nal ValUeS ° f th9Se param9tere - to-VteW » intermediate contone value 

L,« , ' W ° U,d 1,6 rOUted 83 OUtpUt date or ' if halftonin S '3 to be used, applied as input to the 
halftoning process to yield an halftoned output data. 

nrnHn^lT 8 ', lnVen,, ° n haS 1366,1 deSCribed 88 bein 9 with a writing engine that 

produces brieve! (bray) output, a writing engine that produces a multj-brt output can also be used In this 
instance, multiple screeners, that provide slightly different dot fonts, would be operated in parallel using the 

S^TJ? VSlUeS - ° n9 d0t f ° nt W0U ' d 9enerate hamoi *> dols that « ««9h«V tog* than usS 

h ^ l 9eneralB hatft0ne d ° te * at 3re S " 9htly sma,ler ,han usual - Ea ch screener would mn 
independently of the other, tf both screeners generate the same signal, the writing engine would gene ate a 
wnting spo or not in the usual fashion. However, if the screeners produce differing output signals Ten the 
writing engine would generate a writing spo , tha, has an intermediate density. Te. afa prSneTleS 
SShTS?? T d !" d White - Conw * en «y- me re su'K"9 t"ree state writing engine would write 
standi h aV H-Tl ened ed96S ' Le ' sup P ressed "jaQ9edne SS ». Inasmuch as these dots contain 
wouS^SL ,?? fr l qU6nCy C ° ment ^ " on - softened sc-calted auto-moire patterns, which 

would otherw.se result from beating caused between the spatial distribution of ideal hafftone dot patterns 
and the wnting pattern used by the writing engine, would be substantially suppressed. Writing enoines with 
an increased number of levels can also be used to provide even greater degrees of do. softonlng'and V2 
moire suppression. Unfortunately, use of multi-level writing engine with multiple bi-level screeners in- 
C ^^, Z ' V ^ oom '* nd * ^ As 8Ucn - >" implementing this approach, a design tradeoff 

^LTJl^T 6 " », am ° Unt ° f aUt °" m0ire ,hat Can te toterated a 8 ainst acceptable , oobTS 
complexity of the resulting image processing system. 
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Although various embodiments of the present invention have been shown ^escribed **J 
her«n Zy oSr embodiments that incorporate the teachings of the invention may be easiiy constructed 
by those skilled in the art. 
6 INDUSTRIAL APPLICABILITY AND ADVANTAGES 

The present invention is useful in digital image processing systems and specifically as pari _of a 
Droc^infl^sterthat implements a page description language. The invention advantageousfy allows 
? ?JZ ITJZ ; and dioital halftone screening to be performed through an implementation that is 
''"^ S'lne^SsS ?£KSd ^i^bte As such, the invention will find ready appilcatlon to Impart 
2ST^5^^^2U. capabilities to output writers, including but not limited to 
relatively low cost laser printers. 

Claims 

i Anoaraius for producing an output image from an input image comprising : 

^nd bSk defining means for specifying parameter values, in succession, which identify each 
d Ho^nt one of a pSit^of blocks, lerein all of said biocks collectively form safcl output ninage and 
JS^SVdt^WMd-l one of a plurality of tiies corresponding to said on l^Mh 
Tach of S tiles contains pixel values for a different corresponding portion of said mput .mage and all 
of <5aid tiles collectively forms the input image ; and 
1 pVoce^S means responsive to said parameter values, for processing the pucel values in the 
ndiSortiS. in a predefined fashion, to yield output pixel data on a pixe -by-plxe I basis for the 
^ LtocMn ^e output image, wherein all of the output pixel data in ail of the blocks collectrve.y forms 
25 the output image. 

2. The apparatus in claim t wherein said tile and block defining means is a programmed processor. 

3. The apparatus in claim 2 wherein said tile processing means is a dedicated hardware circuit 

The apparatus in claim 3 wherein said tile processing means comprises a tile process or anc la pixel 
™so7 wh^oin said tJle processor generates, in response to corresponding ones of said parameter 
vZs id pSTJarTpling increments, pixel sampling addresses for pixels in the mdividuai one We.and 
herein said rlel processor, in response to said pixel sampling addresses, successwely processes 
L of Tplur'ailty of pixel values in the individual one tite and addressed by said sampling 
addresses to generate corresponding output date therefor. 

The apparatus in claim 4 wherein said tile and block defining means comprises means for generating 
pTeS ng ZZwLts and starting addresses of each one of the tiles as sad Parameter values 
Se eHaid piJS sampling increments specify incremental movent between success^ samphng 
SoJs^?n P ut image for corresponding movement between two adjacent iocahons in any one of 

the blocks. 

generate corresponding ones of said pixel sampling and halftone sampling addresses for each pixel in 
the one block. 

7. The apparatus in claim 5 further comprising a first memory for storing <™tlnuous tone ^"^ne^ 8 
that coBectJveiy form at least the individual one tile o« said input .mage ; and sad We P"*^ 

60 %£££ZZ***» to corresponding ones of said pixel '^^T^SSi 
a succession of continuous tone sampling addresses for sampling through sad tie . and wherein said 
oixeToTo^oV Emprises means, connected to said first memeory and responsive to each one of he 
SST^Z^ addresses, for sampling stored data In the first memory to yield a sampled 

55 contone value therefor. 

a Tne apparatus in claim 7 further comprising a second memory for storing a predefined pattern . and 

comprises means, responsive to corresponding ones of said pixel sampling 
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increments, for generating a succession of halftone sampling addresses ; and said pixel processor 
comprises means, connected to said second memory and responsive to each one of the halftone 
sampling addresses, for sampling stored data in said second memory to yield a corresponding halftone 
output value therefor. 

The apparatus in claim 8 wherein said pattern comprises one of a plurality of pre-defined halftone 
reference planes that collectively form a halftone reference stack, each of said planes storing a different 
depiction of a halftone dot ; and said 
second memory sampling means comprises : 

means for selecting said one halftone reference plane in response to the sampled corrtone value ■ and 
means for sampling said selected halftone reference plane at a pixel location defined by each one of 
said halftone sampling addresses to yield the corresponding halftone output value. 

10. The apparatus in claim 9 wherein said tile processor comprises means, responsive to starting pixel 
is presses of the Hie and the pixel sampling increments, for generating a sequence of pixel sampling 
and halftone addresses that increment in a rasterized form in a fast scan direction across each 
sampling line through the individual one tile and from each sampling line in the individual one file to a 
next successive sampling line therein in a slow scan direction. 

11- The apparatus in claim 8 wherein said pattern comprises a pre-defined threhold matrix containing a 
pre-defined array of threshold values, and said second memory sampling means comprises ■ 
means for sampling said threshold matrix at a pixel location defined by each one of said halftone 
sampling addresses to yield a sampled threshold value therefor ; and 

means for comparing said sampled threshold value against' the sampled contone value, and in 
response thereto, producing the corresponding halftone output value. 

12. The apparatus in claim 11 wherein said tile processor comprises means, responsive to starting pixel 
addresses of the tile and the pixel sampling increments, for generating a sequence of pixel sampling 
and halftone addresses that increment in a rasterized form in a fast scan direction across each 
sampling line through the individual one tile and from each sampling line in the individual one tile to a 
next successive sampling line therein in a slow scan direction. 

13. The apparatus in claim 1 for producing a scaled, rotated and halftoned output image from an input 
continuous tone (contone) image comprising : 

means for defining pixel sampling increments, said pixel sampling increments specifying incremental 
movement between successive sampling locations in a contone tile in said contone image correspond- 
ing to movement between two adjacent pixel locations in a block of said output image, means 
responsive to corresponding ones of said pixel sampling increments, for : 

(i) generating addresses that represent incremental movement through the block to produce a 
40 sequence of output pixel locations ; 

(ii) sampling through said corrtone image to yield a sampled contone value associated with each 
addressed output pixel location so as to produce a plurality of sampled corrtone values ■ and 

(hi) producing, In response to each of said sampled contone values and a pre-defined pattern a 
corresponding halftone output value for each addressed output pixel location in said sequence'to 
46 yield a plurality of halftone output values ; and 

means for writing each of the halftone output values in the corresponding addressed output pixel 
location in the block in the event said each halftone output value is associated with a pixel location 
situated within the contone tile, 
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The apparatus *n claim 13 wherein said defining means comprises means for determining tile 
increments, wherein said tile increments specify incremental movement between corresponding loca- 
tions of successive contone tiles in said contone image and said output image is formed of an array of 
blocks, each of said blocks spatially corresponding to and storing output data for a different one of said 
contone tiles ; and 

said apparatus further comprises means for establishing starting locations of a current block in the 
output image that is to be written with output data, and of a current tile in the contone imaae 
corresponding to said current block that is to be processed. 
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15. The apparatus in claim 14. wherein said means for defining pixel sampling increments c ° m P"^ 

fiSns for determining, in response to a scale factor and an angle of roteton for the contone 
fmaT a Se of the contone tikVsuch that the contone image is broken .rrto an array of non- 
Sapping one. of said contone tiles, each contone tile containing a portion of sa d contono .mage ; 

determining, in response to the scale factor and the angle of rotation, a size of each 

S^hel^TdSm^s determines said pixel sampling increments and «.e increments in 
response to the scale factor, the angle of rotation and a screen angle. 

1B. The aooaratus in claim 15 wherein said current contone tile Is rotated through said angle of rotation 

16 £ tV m ; current output block and adjacent ones of said I bloc* overtap each other ,n sa,d 
output image with an extent of the overiap being dependent upon sa.d angle of rotation. 

17 The apparatus in claim 16 wherein said defining means comprises means for calculating <^ 
be^erpositions of edges of one of said output blocks and corresponding corners of a corres^nd.ng 
ST of S cTtone «L ; and said starting locations establishing means compnses means for 
modifying the starting location of We current tile by the offset values. 

in. The anoaratus in claim 17 wherein said address generating and contone values sampling means and 
2 taM <^*d^ producing means operate along a fast scan direction to generate sa,d 
Squence c? ^ halftone Sutput values for the current block and atong a slow scan d,rect,on to 
generate successive rows of the halftone output values for the current block. 

io The anoarahis in claim 17 wherein said pixel sampling increment and tile increment also specify 
ZSTZ^**™ successive sampnng locations *«XTZ?Z£Z C-to 
mitniif value c-roducing means comprises means for sampling through the pattern. In response to 
coTsoondTngTnS of'said pixe. sampling increments and to each of said sampled contone values, to 
yield the corresponding halftone output value. 

20. The apparatus in claim 17 wherein said halftone value producing means comprises : _ 
means for selecting, in response to each one of said sampled contone values, a corresponding one of a 
S ri^Sd halLe reference planes that collectively form a halftone reference stack, each 
of said planes storing a different depiction of a halftone dot ; and anor ooriate 
meTns for sampling said selected halftone reference plane at a pixel locafton defined by appropriate 
one of said pixel sampling increments to yield a halftone output value. 

21 The aoDaratus in claim 20 wherein said halftone value producing means comprises: 

mean? to sapling in response to appropriate ones of said pixel sampling increments, a preened 
leThoE £S X location to 5*1. -m^ « M " Mm 

^T^'St^^ value against a corresponding one of said sampled 
^0 ^^, in response thereto, producing a corresponding haiftone output value. 

22 The apparatus in claim 20 wherein said address generating contone values sampling means and said 
halftone oS " a |ue producing means substantially occur In unison to generate an addressed output 
P b!ef a corres'pond.ng sampled contone vafce and a corresponding halftone output value. 

23. The apparatus in claim 18 wherein said contone sampling means and said halftone valu e 
Jr^nTmearls occur independently of each other and in first and second samphng directions, 
respectively. 

24 The apparatus in claim 18 wherein said writing moans comprises : ^ hoUl ^ a mitnllt 

meanTfor storing each of the halftone output values Into a buffer in the event sad each halftone output 
value is associated with a pixel location situated within the current contone tile ; and 
i SII. after the current tile has been processed, the stored halftone output values from 
Z TbuTferTa 2 in a page buffer defined by the location of said current block In said output 
image. 
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2B. The apparatus in claim 18 wherein said writing means further comprises : 

means for Incrementing first and second clipping variables in conjunction with incrementation of the 
pixel sampling addresses associated with the contone image, wherein each of the first and second 
clipping vanables is defined and scaled such that a unit distance therein equals a corresponding 
distance along an edge of the current contone tile and an Integer value of each of said variables equals 
one within the current tile and either zero or two outside the current tile ; 

means for storing said each halftone output value in the corresponding'addressed output pixel location 
In an output buffer In the event that the integer value of both of the clipping variables equals one for the 
corresponding pixel location situated within the current contone tile ; and means for storing a zero in 
the corresponding addressed output pixel locations in the event that the integer value of either one of 
said clipping variables does not equal one wfiereby a zero vaJue is stored in each of those addressed 
output pixel locations in the current block that are associated with pixel locations situated outside the 
current contone tile. 

; 26. A method for producing a scaled, rotated and halftoned output image from an input continuous tone 
(contone) image comprising the steps of : 

A) defining pixel sampling increments, said pixel sampling increments specifying incremental 
movement between successive sampling locations in a contone tile in said contone image cor- 
responding to movement between two adjacent pixel locations in a block of said output image, 

B) in response to corresponding ones of said pixel sampling increments : 

(i) generating addresses that represent incremental movement through the block to produce a 
sequence of output pixel locations ; 

(ii) sampling through said contone image to yield a sampled contone value associated with each 
addressed output pixel location so as to produce a plurality of sampled contone values ; and 

(in) producing, in response to each of said sampled contone values and a pre-defined' pattern a 
corresponding halftone output value for each addressed output pixel location in said sequenced 
yield a plurality of halftone output values ; and 

C) writing each of the halftone output values in the corresponding addressed output pixel location in 
the block in the event said each halftone output value is associated with a pixel location situated 
within the contone tile. 

27. The method in claim 26 wherein said defining step comprises the step of determining tile increments 
and wherein said tile increments specify incremental movement between corresponding locations of 
successive contone tiles in said contone image and said output image is formed of an array of blocks 
each of said blocks spatially corresponding to and storing output data for a different one of said 
contone tiles ; and said method further comprises the steps of : 

(A1) establishing starting locations of a current block in the output image that is to be written with 
output data, and of a current tile in the contone image corresponding to said current block that is to 
be processed ; and 

(D) repeating, in response to said tile increments, steps (A1), (B) and (C) for each successive output 
block in the output image as the current block and for each successive tile in said contone image as 
the current tile until the output image has been completely formed of the output data resulting from 
processing all of the tiles in the contone image. 

2a The method in claim 27, wherein said defining step comprises the steps of : 

(i) determining, in response to a scale factor and an angle of rotation for the contone image, a size of 
the contone tile, such that the contone image is broken into an array of non-overlapping ones of said 
contone tiles, each contone tile containing a portion of said contone image ; 

(ii) determining, in response to the scale factor and the angle of rotation, a size of each block in the 
output image ; and 

(iii) wherein said defining step determines said pixel sampling increments and tile increments in 
response to the scale factor, the angle of rotation and a screen angle ; 

29. The method in claim 28 wherein said current contone tile is rotated through said angle of rotation with 
respect to the current output block and wherein adjacent ones of said blocks overlap each other in said 
output image with an extent of the overlap being dependent upon said angle of rotation. 

30. The method in claim 29 wherein said defining step comprises the step of calculating offset values 
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between Positions of edges of one of said output blocks and corresponding corners of a correspond ng 
oTof LTine tiles 9 ; and said starling .ocations establishing step comprises the step of mod,fy.ng 
the starting location of the current tile by the offset values. 

3i The method in claim 30 wherein said address generating and contone values sampling and halftone 
o^tDuTtaTue prodSng steps operate along a fast scan direction to generate sa.d sequence of said 
haXne ^ out^S va"es 9 «or the current block and aiong a slow scan direction to generate success,* 
rows of the halftone output values for the current block. 

32. The method In claim 30 wherein said pixel sampling increments and Ble Increment also specify 
^remelTmovement between successive sampling locations in the pattern^ and wherein >^Mta» 
SuTSe prododno step comprises the step of sampling through the pattern, in response to 

oTWsald Pixel sampling increments and to each of said sampled contone values, to 
yield the corresponding halftone output value. 

33. The method In claim 30 wherein said halftone output value producing step comprises the steps of: 
SecCh respTse to each one of said sampled contone values, a corresponding one of a pluraJUy 
S^EJEto reference planes that coilectlvely form a halftone reference stack, each of sa,d 

25?2 — • defined by appropriate ones of sad 

pixel sampling increments to yield a halftone output value. 

34 The method In claim 33 wherein said halftone pattern sampling step comprises the steps of : 

samSno Tn response to appropriate ones of said pixel sampling increments, a pre-def.ned threshold 
S S'a pS^ationTyield a sampled thresoW value, said threshold matnx containing a ore- 

KESSitL again* a corresponding one of said sampled contone values 
and, in response thereto, producing a corresponding halftone output value. 

35. The method in claim 33 wherein said address generating contone values sampling and halftone ^output 
Slue pmducing steps substantially occur in unison to generate and addressed output pixel locaton. a 
corresponding sampled contone value and a corresponding halftone output value. 

3R The method in claim 31 wherein said contone sampling and said halftone output value producing steps 
2urwe%ndently of each other and in first and second sampling directions, respectively. 

37. The method in claim 31 wherein said writing step comprises the step of : 

storing each of the halftone output values into a buffer in the event sari each halftone output value is 
associated with a pixel location situated within the current contone tile ; and 

SSrlr S. current tile has been processed, the stored halftone output values from said buffer 
to a blck in a page buffer defined by the location of said current block In said output .mage. 

3a The method in claim 31 wherein said writing step further comprises the steps of: 1=mr , linn 
n^nntinn first and second clipping variables in conjunction with incrementation of the pixel sampl.ng 
TUSH S heSe image, wherein each of the first and second dipping variables Is 
SSneTa^dSS «S that a unit distance therein equals a corresponding distance along an edge of 
S^J^E-d an integer value of each of said variables equals one with.n the current tile 
nnri (A\hftt zero or two outside the current tile ; 

sTon^sa/d Sftone output value in the corresponding addressed output prxe I locaton _,n an 
oZ? buffer In the event that the integer value of both of the clipping variables equals one for the 
corresponding pixel location situated within the current contone tile ; and 

Snga zero in the corresponding addressed output pixel locations ,n the event that the integer value 
TSer oTof said clipping variables does not equal one whereby a zero value ,s stored in each of 
SostaddresJed ouU P >*el locations in the current block that are associated with prxel locations 
situated outside the current contone tile. 
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